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Task 7 - Advanced Instrumentation/Sensors Database Modification 

_ . hi task was t o add to MDSSC Sensors Database, including providing 

addidonal'tnZarion on the instruments and ^ch vv^ 

— r - r "r: determine the types of 

not previously included. The S ..prstandine D f the data record structure. 

dam required, ^££££^ 0 ^ tdenrified limitations and problems in the 
An assessment of the MDSSC , . limitations and problems in 

shown in Exhibit 1, data fields no, applicable to ^ databas e t o present the only 

fields were added, and new report f ™“^ re ” n ^ data was verifled , additional sensor data 
relevant information m report fo . . ^ in cach description category was 

information was added, sensor operanon speci ^ sensor technologies were 

converted to one standard to these changes. Appendices B through 

added to some of the sensor type ,. R thmueh H (Sensor Database) in 

H documentation was created in order to replace e ppe Integration Analysis - 

McDonnell Douglas Space Systems Company report entidM 0 „ 

Advanced ECLSS Subsystem and ven sensor type 

initiative". As shown in Exhibit 1, each append, x ,s of^ g^ ^ ^ 

database. These appendices include the mfo ™ a °°" P "° an additional reference summary, 
figures on new figure report forms, sensor and figure Itstrng, an 

and MCDSSC's original brief sensor type description. 
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Exhibit 1. Sensor Types Included in MDSSC Sensors Database 
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. . w n o SC Sensors Database identified limitations in the database 
An assessment of the MDSSC Sensors wcre u$ablc but 

record structure. It was determined that the recor e : mi [ ' instrumen tation and sensors 

misleading or incomplete. T*e database was designed as a genend ^ ^ 

database in which all 90 sensor technologies entries we ^ many Qf the fields , ha t 

Many of the data fields were not applicable to a pven ^ ^ >now for proper un it notation 

untied numeric inputs "'^^““."ovide some search and sort capability, but 

for a given sensor type. abilities that are common for most computenzed 

substantially limited detailed search and sort cap in a chara cter field. 

databases due to the inability of databases to wa$ presented in a general 

The information for each instrumentation or s ^ applicable for a given sensor 

reportform. Many data fields could only 

type and was represented as wa$ deterrnine d that some general philosophies for 

be a value for a particular sensor g • i eV el, and 2) several small 

building databases were not used, such as 1) enter oa 

relational databases are better than one large conglom working within the existing 

In order to provide a more useful database, SRS After further 

Sensors Database structure and developing guide ines or developed Th e 

consideration, guidelines for modification of t e ata a relational, databases per 

- » ■— “ ""“i. 

sensor type, 3) creation of unique recor forms indexes, etc. per 

addition of data fields, and 4) creation of umque report fo , P > 
database. These guidelines were implemented in order that the modrftcations 

ailowing for easier and or meaningful dam entry and debase was vcnfied 

,n addition to changing the record structure, d» ^ ^ stnsor optional 
and modified, if required. Additional references were used ^^^ation included a 

dam entered and to provide additions! sensor info— operado „al 

more demi, description of operationai parameters, .ch.as ranges. - ^ 

concerns (performance, environmen , equations with their variable 

equations were defined and additions, technology . for some sensor 

descriptions, were added. The operational class descnp ^ ^ mdssc ^ 

technologies to make them consistent with the opc ”“ 0 “ modified in order to 

Database manual. Some of the dam fields were e e bte fields were deleted so that 

develop an independent but relational database. e nom ^ daQ fom]s 

unrelated dam fields for the ternpcrature sen^r^s wo d n ^ ^ ^ ^ ^ 

Some of the character fields were modified by increasing or 
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• flow, to allow for more detailed database search and 
additional information and changed infomretion related to a specific temperature sensor 

son capabilities. In order to present o y fonns are sitnUar to the report form 

technology, a new report form was eve o ' information requirement needs, but with 

used for MDSSC Sensors Database due to — - the ^ of non . app Ucable 

the exceptions of increased desenption ^ ^ Mds 

sensor data fields and reformation, an ^ number of ^nsor technology rating categones 

Each sensor database original y . f which rating or scaling schemes 

were not describe in the MDSSC technologies for a given ECLS 

very useful means for comparison of ^ ^ caKgory should be defined and the 

subsystem technology. Therefore, the rating information report forms can 

tines information entered into each sensor databases, me 
then be easily modified in order to include^ ratings ref, ^ doclim ent, are to be 
The appendices (B through H), me u ^ (B tte0(lgh H) McDonnell Douglas 

used as a replacement for the sensor ata ase Integration Analysis - Advanced 

Space Systems Company (MDSSC) report entitled HIM ^ ^ Exploranon Initiative". 
ECLSS Subsystem and Instrumentanon ec n MDSSC wcre used i„ the new sensor and 
All format and page numbering schemes use ndic es include: new report forms 

instrumentation database appendices. The Ranges ^ type da ta included; 

print outs for each sensor type (or sensor sensor and instrumentanon figures, 

updated and modified sensor data and in o • beginning of each appendix, for 

new figure report forms; and a reference "j" „ format so that the sensor or 
each sensor type. The new appendices were cop ^ shown on the left hand side of 

instrumentation information and desertpnon repo shown m tht righ , hand sided of the 

die document and corresponding sensor .g . ^ ^ infor mation and figures, 

document This will allow easy ^ da(a caKg ones (Power, Weight Volume 

As noted on the new forms, so Pressure Range) are design specific data and 

Operational Temperature Range, and °P erauon Pr information, that has already 

should be entered into tire database when it » ^ specific data selecred for a 

been entered into tire database for these eases, and should verified when 

specified sensor. This informanon can be nusleadtng, 

each specific design case. 
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Appendix 


W The following appendices (B through H) are to be used as a replacement for the sensor database 
appendices (B through H) in McDonnell Douglas Space Systems Company (MDSSC) report 
entitled "ECLSS Integration Analysis - Advanced ECLSS Subsystem and Instrumentatton 
Technology Study for the Space Exploration Initiative". All format and page numbenng schemes 
used by MDSSC were used in the new sensor and instrumentation database appendices. 
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Microbial Sensors 


Sensor 


Page Nfli 


1 . Adenosine Triphosphate Measurement (ATP) 

2 . Bactometer 

3 . Biosensor 

4. DNA Probes 

5. Electron Particle Detection 

6. Enzyme Immunosensors 

7 . Epifluorescence Microscopy (EPM) 

8 . Laser Light Scattering 

9. Microbial Fuel Cell 

10. Microbial Load Monitoring (MLM) 

1 1 . Primary Flouorescence 

12. Pyrogen Detection 

13. Secondary Fluorescence 

14. The Vitek Immuno Diagnostic Assay System (VIDAS) 

15. The Vitek System 

16. Two Dimensional Fluorescence Spectroscopy 

17. Volatile Product Detection 
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Microbial Sensors Reference Summary 


1 . Adenosine Triphosphate Measurement (ATP) 

2. Bactometer 

3. Biosensor 

4. DNA Probes 

5 . Election Particle Detection 

6 . Enzyme Immunosensors 

7 • Epifluorescence Microscopy (EPM) 

8. Laser Light Scattering 

9. Microbial Fuel Cell 

1 0. Microbial Load Monitoring (MLM) 

1 1 . Primary Flouorescence 

12. Pyrogen Detection .V. V. *. ! II J.’.V.V.I * 1 1 * .V.V. 

13. Secondary Fluorescence 

14. The Vitek Immuno Diagnostic Assay System (VIDAS) 

15. The Vitek System 

16. Two Dimensional Fluorescence Spectroscopy 

12. Volatile Product Detection ' 
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Microbial Sensors 


A microbial sensor is composed of two parts: a biological molecule or cell 
which detects the analyte, and a transducer, which converts the detector event into 
an electrical signal. The biological components fall into two categories: 

1) Biocatalysts: enzymes microbes, plants and animal cells 

2) Bioreceptors: antibodies, lectins, cell membranes receptors, etc. 

These are non catalytic and usually irreversible. 


microbial sensors database 

SENSOR NAME . Adenosine T riphosphate Measurement (ATP) 


SUBSYSTEM: WRM 
SENSOR TYPE: BIO 


SENSOR IN FORMATION 

TECHNOLOGY: All in WRM 


OPERATION: Biology + HPLC or 
Fluorescence 


ACCURACY: ± ... % 

RESOLUTION: 1.0E -7 G 

NO. OF DETECTABLE 
MICROBES: 8 

DETECTABEL SPECIES: Living Cells 
SELECTIVITY RATING: 2.0 


Operational Envim nmffnf 
TEMP. RANGE: — 
PRESS. RANGE: — 


POWER. 

WEIGHT: 

VOLUME: 


— W* 

~ LB* 

... FT A 3* 


CYCLE TIME: — MIN. 

LIFETIME: — YEARS 

" Design specific information, to be determined. 

SENSOR DESCRIPTION: 

Uving H^C 1 AS'taS‘,biSS *?T and occllrs “ 


REFERENCE. 

JS5S&; ZfZSSSRB? “ ■ SH Cose. S ysttm : 
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MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 


B - 2 



MICROBIAL SENSORS DATABASE 


SENSOR NAME : Bactometer 



SENSOR INFORMATION 



SUBSYSTEM: WRM 
SENSOR TYPE: BIO 

TECHNOLOGY: All in WRM 
OPERATION: Bioelectrical 


ACCURACY: ± 1.00 % 

Operational Environment 

POWER: i 

1200 W* 

RESOLUTION: 1.0E -9 G 

TEMP. RANGE: — 

WEIGHT: 

110 LB* 

NO. OF DETECTABLE 
MICROBES: 8 

PRESS. RANGE: — 

VOLUME: 

3.7 FT A 3* 

DETECTABEL SPECIES: All Microbes 
SELECTIVITY RATING: 3.0 

CYCLE TIME: 
LIFETIME: 

27.00 MIN. 
— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

The Bactometer is a fully automated single module instrument that can detect bacteria in vir tuall y any type of sample by 
detecting changes in electrical current caused by microbial growth. The operator can choose the detection method, which 
can be based on either changes in conductance, capacitance, or impedance. 128 individual samples can be handled 
simultaneously. The identity and progressive status of each sample is automatically indicated on the display screen. 


REFERENCE: 

Kent Schien, Sean D. Crosby, J. Wayne Lanham, Ph. D., and James C. Serati, "Microbial Monitoring for Human 
Exploration Initiatives", Report, 1990. 

BACTOMETER Brochure, BACI 1 188- 10K, not dated, Vitek Systems Inc., Industrial Division. 
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Sensor Figure Not Included 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : Biosensor 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

TECHNOLOGY: All in WRM 


SENSOR TYPE: BIO 

OPERATION: Biochemical 


ACCURACY: ± ... % 

Operational Environment 

POWER: 

... w * 

I RESOLUTION: 1.0E -9 G TEMP. RANGE: — 

WEIGHT: 

— LB* 

NO. OF DETECTABLE 
MICROBES: 8 

PRESS. RANGE: — 

VOLUME: 

... FT A 3* 

DETECTABEL SPECIES: 

Microbes, Chemical Compound 

CYCLE TIME: 

— MIN. 

SELECTIVITY RATING: 

8.0 

LIFETIME: 

10.0 YEARS 


• Design specific inform stion, to be determined. 


SENSOR DESCRIPTION: 

Biosensors, as the name indicates, sense biological activity and produce a measureable si gnal The sensing mechanism 

0pUCa1 ’ 0r scnsitive 10 changes in mass. These devices may ultinSely provide tlufmost^ 
adaptable system for continuous monitoring of spacecraft/habitat air and water. Biosensors wfflbe prepared as kits 

““Si?**? 1 nC f?° r * dCSign t d to with microbial contaminant e^tSSS gen^ted bv 
. , on ^ mdl ca te the presence of a given contaminant. Sensor sophistication will probably be refined to permit 
w aCt ^ a detecuo "’ 'Unification, and enumeration. Sensor sophistication will'probably be refined J^ermit 
detecuon identification, and enumeration. As more is understood about how biochemical and structural characteristics 
are related to levels of antimicrobial sensitivity, it is possible that biosensors will also be able to perform this function 


REFERENCE: 

Sdv^ n Re^ D i5o° Sby ’ J ' Unham * Ph> ° ’ JamCS C SenUi ’ nMicrobial Monitoring for Human Exploration 

Le^d Ba^ "Biosensms Offer Real-time Diagnostic Capability but Broad Application Awaits Cheaper Couple 
Designs. , The Medical Business Journal, Sept. 15, 1989. ^ * 
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MICROBIAL SENSORS DATABASE 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : DNA Probes 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

TECHNOLOGY: All in WRM 


SENSOR TYPE: BIO 

OPERATION: Molecule Techniques 


ACCURACY: ± 1.50 % 

Operational Environment 

POWER: 

... w* 

RESOLUTION: 1.0E -9 G 

TEMP. RANGE: — 

WEIGHT: 

™ LB* 

NO. OF DETECTABLE 
MICROBES: 5 

PRESS. RANGE: — 

VOLUME: 

... FT A 3* 

DETECTABEL SPECIES: Bacteria 

CYCLE TIME: 120.00 MIN. 1 

SELECTIVITY RATING: 8.0 


LIFETIME: 

~ YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

The most specific method for idendfyfmg a microbe is the DNA probe which is based on nucleic acid hyb ridization 
reactions. The normally double stranded DNA molecule can be denatured into a single stranded form and, if a short 
length of single stranded "probe" DNA is then added, it will only bind to DNA with a complementary sequence. The 
presence of bound probe DNA reveals the existence of the marker sequence being search for in the sample. Man y 
nuisance microbes which cannot be cultured, and therefore not easily identified by traditional methods, are detectable by 
this method. Since probes do not require a pure culture of organisms to produce accurate results, a working sample can 
be easily obtained. Commercially available kits now identify organisms in under two hours. The major problem is that 
some false negatives can occur. Another problem is that the correct probe must be used to detect specific organisms or an 
array of probes must be constructed. 


REFERENCE: 

I. J. Higgins, G. Hall, and A. Swain, "Analytical Strategies in Biotechnology", Trend in Analytical Chemistry, Vol. 8, No 
1, 1989. 


E. B. Rodgers, D. B. Seale, M. E. Boraas, and C. V. Sommer, "Ecology of Micro-organisms in a Small Closed System: 
Potential Benefits and Problems for Space Station", SAE 891491, 1989. 
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microbial sensors database 



Immobilized s.s. 


y 



Labelled probe 






y 


Hybridisation 


Detection of labelled DNA 


B.2 DNA Hybridiaztion - The Principle of DNA Probe Technology 


microbial sensors database 


SENSOR NAME : Electron Particle Detection (EPD) 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

w “* Alii V/I\iYlA 1 

TECHNOLOGY: All in WRM 


SENSOR TYPE: BIO 

OPERATION: Particle Counting 


ACCURACY: ± ... % 

RESOLUTION: 1.0E -10 G 

NO. OF DETECTABLE 
MICROBES: 8 

Operational Fnyj rffnr p ffnf 
TEMP. RANGE: — 
PRESS. RANGE: ~ 

POWER: 

WEIGHT: 

VOLUME: 

... w* 

— LB* 

... FT A 3* 

1 DETECTABEL SPECIES: Bacteria 

CYCLE TIME: 

— MIN. 

| SELECTIVITY RATING: 2.0 


LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


can detrmine sizSntrTterof &**«**. which *ey pass. Like laser scarring. EPD 


REFERENCE: 
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MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : Enzyme Immunosensors 


SENSOR INFORMATION 

SUBSYSTEM: WRM TECHNOLOGY: AH in WRM 

SENSOR TYPE: BIO OPERATION: Immunochemical 


ACCURACY: ± ... % 

RESOLUTION: 1.0E -9 G 

NO. OF DETECTABLE 
MICROBES: 5 



TEMP. RANGE: — 


PRESS. RANGE: — 


DETECTABEL SPECIES: Antibody, Antigen 


POWER: — W* 

WEIGHT: — LB* 

VOLUME: — FT A 3* 

CYCLE TIME:360.00 MIN. 


SELECTIVITY RATING: 8.0 


LIFETIME: —YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

Antibodies are proteins called immunoglobins produced in the body to neutralize and destroy invading foreign substances - 

known as antigens (virus, bacteria, drugs. . . ) . Immunosensors rely on the immune complex bond formation which 
allows an antigen and antibody to fit together. Either a sandwhich assay or competitive binding assay can be In 

both cases an antibody for the analyte of interest is attached to a membrane which is placed on the surface of an 

electrochemical sensor. In the sandwich assay the antibdy binds the analyte antigen which then binds an enzyme labeled 
second antibody. The membrane is washed thoroughly to remove any non-specifically absorbed label. The sensor is 
placed into a solution containing the substrate for the enzyme. The rate of product formation is electrochemically 
measured and is directly proportional to the amount of analyte antigen in the in the solution. In the competitive bind 
mode the sample antigen competes with the enzyme label antigen for antibody binding sites on the membrane. The 
membrane is washed and the sensor is placed in a solution containing the substrate for the enzyme. The rate of reaction is 
measured electrochemically, and in this case, is inversely proportional to the concentration of sample antigen. 


REFERENCE: 

Dean Monroe, "Enzyme Immunoassy', Analytical Chemistry, Vol. 56, No. 8, July 1984. 
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MICROBIAL SENSORS DATABASE 
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B.3 Priciple of Operation of Enzyme Immunosensors 
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microbial sensors database 


SENSOR NAME : Epi fluorescence Microscopy (EPM) 


SUBSYSTEM: WRM 
SENSOR TYPE: BIO 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -10 G 

NO. OF DETECTABLE 
MICROBES: 8 

DETECTABEL SPECIES: Bacteria 
SELECTIVITY RATING: 2.0 


SENSOR DESCRIPTION: 


SENSOR IN FORMATION 

TECHNOLOGY: All in WRM 
OPERATION: Epifluorescence 


Operational EnYirWimfllU 
TEMP. RANGE: — 
PRESS. RANGE: — 


POWER: 

WEIGHT- 

VOLUME: 


100 W* 

75 LB* 
2.3 FT A 3* 


CYCLE TIME: 0.25 MIN. 
LIFETIME: 2.0 YEARS 

• Design specific information, to be determined. 


gaag-, a sz - 

bacteria as a liquid sample is passed through Wh^n ninm a a fluorescent stain which highlights 

8 ““ KCh ' K “ 08y “ ^ « 1**^ EPM can not 


REFERENCE: 

by ' ' Way “ Unham ’ n D ’ JanKS C 'Mfe-obial Montaing for Human Explomnon 
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SEPARATOR 


B.4 Automatic Epiflourescence Microscopy 
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microbial sensors database 


SENSOR NAME : Laser Light Scattering 


SENSOR INFORMATION 


SUBSYSTEM: WRM 
SENSOR TYPE: BIO 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -10 G 

NO. OF DETECTABLE 
MICROBES: 8 


TECHNOLOGY: All in WRM 
OPERATION: Optics 


TEMP. RANGE: — 
PRESS. RANGE: — 


POWER: 

WEIGHT: 

VOLUME: 


DETECTABEL SPECIES: All BIO CYCLE TIME: -MIN. 

SELECTIVITY RATING.. 2.0 LIFETIME: -YEARS 


— w* 

— LB* 

... ft a 3* 


' Design specific information, to be determined. 

SENSOR DESCRIPTION: 

St Applicable to 

time permits repetitive measurements to improve accurrev U«in? this m<»t£!Hr re ^ U *f e ^ ^ ana ^ as " response 
are possible. This system has limited a canrcitv ttusmct | K)<1 m total volume measurements 


REFERENCE. 

WnSSSSSiiS^ • -n-ta of a Near 
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MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : Microbial Fuel Cell 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

TECHNOLOGY: All in WRM 


SENSOR TYPE: BIO 

OPERATION: Bioelectrical 


ACCURACY: ± ... % 

Operational Environment 

POWER: 

... w* 

RESOLUTION: 1.0E -7 G 

TEMP. RANGE: — 

WEIGHT: 

10 LB* 

NO. OF DETECTABLE 
MICROBES: 8 

PRESS. RANGE: ~ 

VOLUME: 

0.3 FT A 3* 


DETECTAB EL SPECIES: Viable Microorganism, Gram CYCLE TIME: 0.40 MIN. 

Positive, Gram Negative 

SELECTIVITY RATING: 3.0 LIFETIME: 1.0YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

Viable bacteria generate metabolic intermediates that are electron rich. Election flow can be established by using redox 
dyes on mediators. A reduced mediator diffuses through a cell membrane, contacts an electrode, and produces 
current. The intensity of the current is proportional to bacteria/unit volume. This technique has potential for high 
sensitivity, portability, and automation Microbial Fuel Cells detect only visible organisms. 


REFERENCE: 

Oliver J. Murphy, Tom D. Roger, and Roger Lorenzo, "Technology for the Rapid Enumeration of Bacteria. A Portable 
Biosensor for Inflight Monitoring of Spacecraft Water", Proposal to NASA RD-89-198, Oct. 1988. 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : Microbial Load Monitoring (MLM) 


SENSOR INFORMATION 


SUBSYSTEM: WRM 


SENSOR TYPE: BIO 


TECHNOLOGY: All in WRM 

OPERATION: Culture Method + Computer 
Anal 


ACCURACY. ± % Operational Enviro^m^ 

RESOLUTION: l.QE -7 G TEMP. RANGE: - 

NO. OF DETECTABLE PRESS RANC.F- 

MICROBES: 8 "Ktoo. RANGE. — 

DETECT ABEL SPECIES: Microbes 


POWER: 159 W* 

WEIGHT: — LB- 

VOLUME: — FT 1 


— FT A 3* 


CYCLE TIME: 6.00 MIN. 


SELECTIVITY RATING: 7.0 


SENSOR DESCRIPTION: 


LIFETIME: — YEARS 




- Design specific information, to be determined 


* cUnic ^SSton > 1 suixpUMv for 


REFERENCE: 


b'pSm^vcs^^ S' U " hM "' n D - a " d ,amK C Monitoring for Homan 

30, ““ MCD ° mXU ^ *— ■« 
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Sensor Figure Not Included 
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microbial sensors database 


SENSOR NAME : Primary Fluorescence 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

w “ 4 iu ix viviyia 1 iL/ii 

TECHNOLOGY : All in WRM 


SENSOR TYPE: BIO 

OPERATION: Spectroscory 


ACCURACY: ± ... % Operational Fnvj n?nmrnr 

RESOLUTION: 1.0E -9 G TEMP. RANGE: - 

Krr press range: - 

POWER: 

WEIGHT: 

VOLUME: 

... w* 

— LB* 

— FT A 3* 

DETECTABEL SPECIES: 

Bacteria with Fluorescence 

CYCLE TIME: 

— MIN. 

SELECTIVITY RATING: 

2.0 

LIFETIME: 

— YEARS 


Design specific information, to be determined. 


SENSOR DESCRIPTION: 

energy lost iTcolteion wither ala longer wavelength, due to the vibrational 

and can serve as detection markers BaSSl rhSl" T, ofmole f“ les J«*nt * cells have fluorescent properties 
Real-time. ^ fluorescence decay times 

bacteria fluoresce y ^ ble US,ng method - Related bacteria are difficult to differentiate, and not all 


REFERENCE: 

5*1-* ■»— of . H- M 
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MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 
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microbial sensors database 


SENSOR NAME : Pyrogen Detection 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

viviTin i ivyii 

TECHNOLOGY: All in WRM 

1 

SENSOR TYPE: BIO 

OPERATION: Pyrogen Detection by Colorimet 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -7 G 

NO. OF DETECTABLE 
MICROBES: 6 

Operational Fnyj r ^ nTT1ffn | 
TEMP. RANGE: — 
PRESS. RANGE: — 

POWER: 

WEIGHT: 

VOLUME: 

— W* 

— LB* 

... FT A 3* 

1 DETECTAB EL SPECIES: Gram negative 

CYCLE TIME: 

— MIN. 

1 SELECTIVITY RATING: 3.0 


LIFETIME: 

— YEARS 


• Design specific information, to be determined. 


SENSOR DESCRIPTION- 

of the contaminating bactJri?The 22£° “ bs h tantial mformation can be gained on enumeration 

manipulations and i fe * ««» 


REFERENCE: 


Kent Schien, Sean D. Crosby. J. Wayne Lanham, Ph. 
Exploration Initiatives", Report, 1990. 


D„ and James C. Serati, "Microbial 


Monitoring for Human 
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MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : Secondary Fluorescence 


SUBSYSTEM: WRM 


SENSOR TYPE. BIO 


SENSOR INFORMATION 


TECHNOLOGY: All in WRM 
OPERATION: Spectroscopy 


ACCURACY: ± ... % £ 

RESOLUTION: 1.0E -9 G TE1 

NO. OF DETECTABLE PRf 

MICROBES: 8 

DETECTABEL SPECIES: Bacteria 
SELECTIVITY RATING: 2.0 


TEMP. RANGE: — 
PRESS. RANGE: — 


POWER: 

WEIGHT- 

VOLUME: 


— W* 

— LB* 

— FT A 3* 


— tsactcna _ 

CYCLE TIME: 30.00 MIN. 

SELECTIVITY RATING: 2.0 IlcCTn ^ 

LIFETIME: ~ YEARS 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

a fluorometer is used for detection. Reaction cocktails can be * of . bactena “trained with a fluorophore, and 

■meres,, providing a dime, coon, of specific microorganisms. CoUecnomanalvsTn^^i 0 ^^." 1 ” ° f 


reference. 

™ "Definition of a Ne» Rem 
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MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : The Vitek Immuno Diagnostic Assay System (VIDAS) 


SUBSYSTEM: WRM 


SENSOR IN FORMATION 

TECHNOLOGY: All in WRM 


SENSOR TYPE: BIO 


OPERATION: Immunology 


ACCURACY: ± ... % 

RESOLUTION: 1.0E -9 G 

NO. OF DETECTABLE 
MICROBES: 8 


Operational Environment 
TEMP. RANGE: — 
PRESS. RANGE: ~ 


POWER: 

WEIGHT: 

VOLUME: 


500 W* 

117 LB* 
5.7 FT A 3* 


DETECTABEL SPECIES: Bacteria, Fungi, Virus, Metabolic 

Product 


CYCLE TIME: 8.00 MIN. 


SELECTIVITY RATING: 8.0 


SENSOR DESCRIPTION: 


LIFETIME: 2.0 YEARS 

* Design specific information, to be determined. 


“ ™™»ology method which utilizes the specificity of an antigen - antibody reaction. VIDAS provides a full 
spectrum of capabilmes for detection, identificauon, and enumeration of bacteria, fungi, viruses and metabolic products 
To li^ ^t!l Pyr08e ? ,S - Its .°";y 1 shortcoming is that it does not, at present, determine antimicrobial suscepEties. 

T P ,oo^ mtroduced into pre -dispensed disposable reagent strips and combined with matching 
Solid Phase Receptacles (SPR s). Interacuon between the strips and SPR s provide extremely sensitive enzyme-linked 
fluourescence immunoassays. Six kinds of assay kits are available. y 


REFERENCE: 

Kent Schien Sean D. Crosby, J. Wayne Lanham, Ph. D„ and James C. Serati, "Microbial Monitoring for Human 
Exploration Initiatives , Report, 1990. 

VIDAS Brochure, VTK 101088-15K, not dated, Vitek Systems Inc., Industrial Division. 
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MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : The Vitek System 


SENSOR INFORMATION 

SUBSYSTEM: WRM 
SENSOR TYPE: BIO 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -12 G 

NO. OF DETECTABLE 
MICROBES: 8 

DETECTABEL SPECIES: Bacteria, Fungi CYCLE TIME: 1 1.00 MIN. 

SELECTIVITY RATING: 7.0 LIFETIME: 2.0 YEARS 

* Design specific information, to be determined. 


TECHNOLOGY: All in WRM 


OPERATION: Culture Method + Computer 
Anal 


Operational Environment 
TEMP. RANGE: — 
PRESS. RANGE: — 


POWER: 380 W* 

WEIGHT: 1 10 LB* 

VOLUME: 7.8 FT A 3* 


SENSOR DESCRIPTION: 

Il»e Vitek system used to be known as the Automicrobic System (AMS). This instrument is based on technology 
developed for Microbial Load Monitoring. The main difference between MLM and the Vitek system is the caid (circuit 
board) used. An advantage of Vitek is its accuracy and dependability in providing the best possible information relative 
to identification and susceptiblities. From a labor standpoint, a disadvantage is that Vitek must be uwd with pure culture 
isolates, which can require considerable time to culture. Experienced judgement is also required to select the right 
isolation for examination. 


REFERENCE: 

Kent Schien, Sean D. Crosby, J. Wayne Lanham, Ph. D., and James C. Serati, "Microbial Monitoring for Human 
Exploration Initiatives", Report, 1990. 

1990 Clinical Catalog and Price List, VTKC1289, not dated, Vitek Systems, Inc. 
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MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : Two Dimensional Fluorescence Spectroscopy 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

TECHNOLOGY: All in WRM 


SENSOR TYPE: BIO 

OPERATION: Spectroscopy 


ACCURACY: ± — % 

Operational Fnvim nmfn ^ 

POWER: 

— W* 

RESOLUTION: 1.0E -10 G 

TEMP. RANGE: — 

WEIGHT: 

— LB* 

NO. OF DETECTABLE 
MICROBES: 8 

PRESS. RANGE: — 

VOLUME: 

— FT A 3* 

I DETECTABEL SPECIES: Microbes 

CYCLE TIME: 

— MIN. 

1 SELECTIVITY RATING: 8.0 


LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


TDFS is a technique whereby the fluorescent intensity is recorded as a function of the excitation and emission 

B h S f nmng thC exc j tation wavelength and recording the emission wavelength, a tw^dimensionai plot can 

, f Un ^ Ue 10 lhe microor 8 an * sm - Computer methods can then be used to iSemm TOF^is 
a powerful analyucal technique due to high sensitivity and multiparameter capab.lt ti« ^ ^ S 


REFERENCE: 

and ' n, ° maS M - R0SSi> " TW ° Dimens,onal ^orescence Spectroscopy Analytical 
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MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 
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MICROBIAL SENSORS DATABASE 


SENSOR NAME : Volatile Product Detection 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

TECHNOLOGY: All in WRM 


SENSOR TYPE: BIO 

OPERATION: Membrane + MS 


ACCURACY: ± — % 

RESOLUTION: 1.0E -10 G 

NO. OF DETECTABLE 
MICROBES: 6 

Operational Fnvirr) nmfn t 
TEMP. RANGE: — 
PRESS. RANGE: — 

POWER: 

WEIGHT: 

VOLUME: 

... \y* 

— LB* 

... FT A 3* 

I DETECTABEL SPECIES: Microbes 

CYCLE TIME: 

— MIN. 

[SELECTIVITY RATING: 6.0 


LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


Volatile Product Detection is accomplished using a hyphenated mass-spectroscopy t ec hnique Samnle vnlimw* ; c 


REFERENCE: 

?w R ' J ‘ Z f h0 ? C,U *’ S - S ‘ Woodward, D. L. Pierson, and W. F. Arendale, "Definition of a Near Real Time 

Microbiological Monitor for Application in Space Vehicles", SAE 891541, 1989. 


B -33 



MICROBIAL SENSORS DATABASE 


Sensor Figure Not Included 
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Chemical Sensors 


Many of the chemical analysis techniques can be stacked: GC is usually 
followed MS. The first instrument usually separates the sample into groups and 
the second identifies individual compounds. It is becoming routine to utilize as 
many as three independent instruments in sequence to identify large numbers of 
compounds 'or real time analysis. No attempt was made in this report to evaluate 
number of combinations utilized by analytical chemists. A simple explanation of 
the operation, selectivity, and advantages/disadvantages is presented. 



CHEMICAL SENSORS DATABASE 


SENSOR NAME : Amperometric 



SUBSYSTEM: C02 REDUCTION C02 TTPHNni rw""v- ah • u „ 

REM0.VALr02 1 bCHNOLOGY : All in these Subsystems. 

generation. 

SENSOR TYPE: CH OPERATION: Electrochemical 


ACCURACY: ± 1.00 % 

RESOLUTION: 1.0E -9 G 

NO. OF DETECTABLE 
6.0 


Operational Envirnnrp^nf 
TEMP. RANGE: -30°F to 120°F 
PRESS. RANGE: — 


MICROBES 

DETECTABEL SPECIES: C02, 02, H20, CO , N02, 

NCHO, Organics 
SELECTIVITY RATING: 5.0 


POWER: 

— W* 

WEIGHT: 

— LB* 

VOLUME: 

0.1 FT A 3* 

CYCLE TIME: 

0.50 MIN. 


LIFETIME: 2.0 YEARS 

’ Design specific information, to be determined. 


SENSOR DESCRIPTION: 

diiSi SUrf l^J f “ d f CODde “ “ dectrochemical ccU at a 
sensing is accomplished by scanning the voltage As the cell ^ KOT ^ aU0 °- 1x1 practice, multigas 


REFERENCE: 

Hank Wohltjen, "Chemical Microsensors and Microinstrumentation" Analytical Chemistry, Vol. 56. No. 1. Jan. 1984. 
. Venkatasetty, Electrochemical Multigas Sensors for Air Monitoring Assembly”, SAE 881082, 1988 



Chemical Sensors Reference Summary 


Sensor Reference No. 

1 . Amperometric 2, 3 

2. Atomic Absorption Spectrophotometer (AAS) 1,4 

3. Atomic Emission Spectrometer (AES) 1,4 

4. CHEMFET/ISFET (Ion Sensing Field Effect Transistor) 2, 5 

5. Catalytic Dector (Pellistor) 1,6 

6. Electron Capture Detector (ECD) 1,4 

7. Flame Ionization Detector (FID) 1, 4 

8. Flame Photometric Detector (FPD) 1 

9. Fluorescence Detector 4,7 

10. Fourier Transform Infrared (FTIR) 8 

1 1 . Fuel Cell Oxygen-measuring Instrument 1 

12. High Performance Liquid Chromatography (HPLC) 1, 4, 7 

13. High Temperature Ceramic Sensor Oxygen Probes 1,6 

14. Inductively Coupled Plasma Emission (ICPE) 1,7 

15. Infrared Spectroscopy (IR) 1,4 

16. Metal Oxide 5, 9, 10 

17. Non-Dispersive Infrared Spectroscopy (NDIR) 1, 11 

18. Nuclear Magnetic Resonance (NMR) 1, 12 

19. Paramagnetic Oxygen Analyzers 1 

20. Photo-Ionization Detector (UV) or (PID) 1,4 

21. Polarographic Process Oxygen Analyzer 1 

22. Potentiometric 2, 3 

23. Semiconductor Detector 1, 6 

24. Surface Acoustic Wave (SAW) 2, 9, 13 

25. Thermal Conductivity Detectors (TCD) 1,4 

26. Thin Layer Chromatography (TLC) 1,4 

27. Ultrasonic Detector 1 

28. Enzymes 14, 15 

29. Gas Chromatograph/Mass Spectroscopy (GC/MS) 4 

30. Gas Chromatography (GC) 1, 4, 8 

31. Mass Spectroscopy (MS) 1,4 

32. Tandem Mass Spectrometry (MS/MS) 8, 16 


References 
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Chemical Composition", Butterworth & Co. Ltd, 1985. 

2. Hank Wohltjen, "Chemical Microsensors and Microinstrumentation", Analytical Chemistry, 

Vol. 56, No. 1, Jan. 1984. 

3. H. V. Venkatasetty, "Electrchemical Multigas Sensors for Air Monitoring Assembly", SAE 

881082, 1988. 

4. Lawrence Berkeley Laboratory Environmental Instrumentation Survey, "Instrurmentation for 
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1988. 



6. D. E. Williams and P. T. Moseley, "Progress in the Developmentof Solid State Gas Sensors" 

Measurement & Control, Vol. 21, Mar. 1988. 

7 . Lenore S. Clesceri, Arnold E. Greenberg, and R. Rhodes Trussell, "Standard Methods for the 
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8 . Scon J. Selover, "Evaluation of Approaches to Space Based Environmental Monitoring", 

Material and Process Laboratories Lockheed Missiles and Space Co., Inc., Oct. 1988. 

9. T. A. Jones, "Trends in the Development of Gas Sensors", Measurement & Control, Vol. 22 

July/Aug. 1989. 
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McGraw-Hill Book Co., 6th Edition, 1984. 
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Chemical Sensors 


Sensor 


Page No, 


1 . Amperometric 

2. Atomic Absorption Spectrophotometer (AAS) 

3. Atomic Emission Spectrometer (AES) 

4. CHEMFET/ISFET (Ion Sensing Field Effect Transistor) 

5. Catalytic Dector (Pellistor) 

6. Electron Capture Detector (ECD) 

7. Flame Ionization Detector (FID) 

8. Flame Photometric Detector (FPD) 

9 . Fluorescence Detector 

10. Fourier Transform Infrared (FTIR) 

11. Fuel Cell Oxygen-measuring Instrument 

12. High Performance Liquid Chromatography (HPLC) 

13. High Temperature Ceramic Sensor Oxygen Probes 

14. Inductively Coupled Plasma Emission (1CPE) 

15. Infrared Spectroscopy (IR) 

16. Metal Oxide 

17. Non-Dispersive Infrared Spectroscopy (ND1R) 

18. Nuclear Magnetic Resonance (NMR) 

19. Paramagnetic Oxygen Analyzers 

20. Photo-Ionization Detector (UV) or (PDD) 

21. Polarographic Process Oxygen Analyzer 

22. Potenriometric 

23. Semiconductor Detector 

24. Surface Acoustic Wave (SAW) 

25. Thermal Conductivity Detectors (TCD) 

26. Thin Layer Chromatography (TLC) 

27. Ultrasonic Detector 

28. Enzymes ;”•"•••••• 

29. Gas Chromatograph/Mass Spectroscopy (GC/MS) 

30. Gas Chromatography (GC) 

3 1 . Mass Spectroscopy (MS) 

32. Tandem Mass Spectrometry (MS/MS) 
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Appendix C 
Chemical Sensors 
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CHEMICAL SENSORS DATABASE 



C.l Amperometric Chemical Sensor 


PRECEDING PAGE BLANK NOT FILMED 


CHEMICAL SENSORS DATABASE 


SENSOR NAME : Atomic Absorption Spectrophotometer (AAS) 


SENSOR INFORMATION 


SUBSYSTEM: WRM 


SENSOR TYPE: CH 


ACCURACY: ± ... % 

RESOLUTION: 1.0E -6 G 

NO. OF DETECTABLE 
MICROBES: 7.0 


TECHNOLOGY: AH WRM 


OPERATION: Atomic Absorption 


TEMP. RANGE: — 
PRESS. RANGE: — 


POWER: 

WEIGHT: 

VOLUME: 


DETECT ABEL SPECIES: Salinty, Dissolved solid. Major 

ions. Metals 

SELECTIVITY RATING: 9.0 


... \y* 

— LB* 

... FT A 3* 


CYCLE TIME: ... MIN. 


LIFETIME: 


— YEARS 


Design specific information, to be determined 

SENSOR DESCRIPTION: 

vapor. If the wa the waveIen Ph transmitted through a metal 

UK n*al mom. then l » "» <“” ««* m the ene*? levels in 

wavelength for a given metal, AAS can be used for ,ualitad£ ££££ “ **" <“» 


REFERENCE: 

£rrSa**2 W "Instrumentation Envhontnenta, Monitoring". 
BSSjJ^ g Co" , ^ i K | ^ ral ” e " 1 Tech " 0k ’°' 2) Mmsttretnent of Temperaltue and Chemical Composition-. 
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CHEMICAL SENSORS DATABASE 


Excitation 


Energy 


Ground 
state of 
atom 


atom — 

In atomic absorption the energy s m the form of light 
energy at a specific wavelength 


Excited 
state of 
atom 



Lamp 



Absorption 



C.2 Atomic Absorption Burner System 


C-< 




CHEMICAL SENSORS DATABASE 


SENSOR NAME : Atomic Emission Spectrometer (AES) 


SENSOR INFORMATION 


SUBSYSTEM: WRM 
SENSOR TYPE: CH 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -8 G 

NO. OF DETECTABLE 
MICROBES: 7.0 


TECHNOLOGY: All WRM 


OPERATION: Atomic Emission 


x 70 Lorerational Environment POWER: ... w* 

RESOLUTION: 1.0E -8 G TEMP. RANGE: _ WEIGHT: ... L B* 

MKrROBK^^O BLE PRESS - RANGE: — VOLUME: — FT A 3* 

OETECTABEL SPEdES: Metals CYCLE TIME: M IN. 

SELECTIVITY RATING: 9.0 LIFETIME: !!^ARS 


’ Design specific information, to be determined. 

SENSOR DESCRIPTION: 

been raised to an excitedetecOOTk ‘density of light emitted from a metal vapor that has 

atoms (and sometimes ° f Ught c T ,Ued “ characteristic of a given meal. All 

proportional to their concentration. ** charactcnsUc radiation, if properly excited with an intensity 


DETECTABEL SPECIES: Metals 
SELECTIVITY RATING: 9.0 


REFERENCE: 

2. Water.^oh^Wile^&^o^ Instninientatlon Survc y. "Instrumentation Environmental Monitoring", Vol. 

TtCh "° ,0g> ' 2> "“I CtantaU Conposito,*. 
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CHEMICAL SENSORS DATABASE 


Decay 



Light energy 
(emission) 


\ 


Excited Ground 

state state 


The energy source may be a flame, electrical arc 
or a plasma. 

The above processes are utilized in three forms 
of atomic spectroscopy. 



C.3 Atomic Emission 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : CHEMFET/ISFET (Ion Sensing Field Effect Transistor) 



TECHNOLOGY: All 

OPERATION: Electrochemical and 
Semiconductor 


SUBSYSTEM: ALL 
SENSOR TYPE: CH 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -9 G 

NO. OF DETECTABLE 
MICROBES: 5.0 


Operational Environn^ 
TEMP. RANGE: — 
PRESS. RANGE: — 


POWER: — W* 

WEIGHT: — LB* 

VOLUME: — FT A 3* 

CYCLE TIME: — MIN. 


DETECTABEL SPECIES: H2 , H2S, NH3, CO 
SELECTIVITY RATING: 5.0 


LIFETIME: — YEARS 

* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

•*> “ chemically 

the device. In normal opeSS, a cS* "* * ransport dcctronic ch ** e in 
contacts. Variation of theFfield inT^ re*on ££ 1 "• ««* «* drain 
drain current CHEMFETs are very smalU good fora ^ produces corresponding variations in 

™ difficulties wiih rncs^ end co „ SLmtJl " 


REFERENCE: 

Bernard Hulley, Chemical Sensors - An Overview", Measurement + Control, Vol. 21, March 1988. 

Hank Wohltjen, "Chemical Mkrosensors and Microinstnimentadon", Analytical Chemistry, Vol. 56, No. 1, Jan. 1984 
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CHEMICAL SENSORS DATABASE 


Chemfet 


Reference electrode 

Chemically sensitive 
layer 

Source 
contact 


1 



Drain 

contact 


Thick 

SiO* insulator 


S,N 4 

Passivation layer 


Thin SiOj 
gate oxide 


C.4 CHEMFET Sensor 



CHEMICAL SENSORS DATABASE 


SENSOR NAME : Catalytic Dector (pellistor) 


SENSOR INFORMATION 


SUBSYSTEM: C02 REDUCTION TECHNOLOGY: ACRS, BOSCH, SABATIER 


SENSOR TYPE: CH OPERATION: Measuring Heat Output from 

Catalytic Oxidation 


ACCURACY: ± — % 

Operational Environment 

POWER: 

10W* 

RESOLUTION: — G 

TEMP. RANGE: — 

WEIGHT: 

— LB* 

NO. OF DETECTABLE 
MICROBES: 6.0 

PRESS. RANGE: — 

VOLUME: 

— FT A 3* 

DETECTABEL SPECIES: Combustible gases 

CYCLE TIME: 

0.05 MIN. 

SELECTIVITY RATING: 6.0 


LIFETIME: 

--YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

Catalytic gas detectors operate by measuring the heat output resulting from the catalytic oxidation of flammable gas 
molecules to carbon dioxide and water vapor at a solid surface. By use of a catalyst, the tempe rature at which the 
oxidation takes place is much lower compared with gas phase oxidation. A stream of sample gas is fed over the sensor, 
and flammable gases in the sample are continuously oxidized, releasing heat and raising the temperature of the sensor. 
Temperature variations in the sensor arc monitored to give a continuous record of the flammable gas concentration in the 
sample. The choice of catalyst, and treatment of the outside of the bead influences the overall sensitivity of the sensor, 
and the sensitivity to different gases. The sensitivity and selectivity are also influenced by the choice of catalyst and by 
the temperature at which the sensor is operated. 


REFERENCE: 

D. E. Williams and P. T. Moseley, "Progress in the Development of Solid State Gas Sensors", Measurement + Control, 
Volume 21, March 1988. 

B. E. Noltingk, "Jones' Instrument Technology 2) Measurement Temperature and Chemical Composition", Buttterworths, 
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CHEMICAL SENSORS DATABASE 


Sensor Figure Not Included 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Electron Capture Detector (ECD) 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

TECHNOLOGY: All WRM 


SENSOR TYPE: CH 

OPERATION: Electrons Capture 


ACCURACY: ± ... % 

Operational Fnvirnn mfnr 

POWER: 

— W* 

RESOLUTION: 1.0E -12 G 

TEMP. RANGE: — 

WEIGHT: 

— LB* 

NO. OF DETECTABLE 
MICROBES: 6.0 

PRESS. RANGE: — 

VOLUME: 

— FT A 3* 

1 DETECTAB EL SPECIES: Halogcnatcd oxygenated 

CYCLE TIME: 

— MIN. 

1 SELECTIVITY RATING: 5.0 


LIFETIME: 

— YEARS 


* Design specific information, 10 be determined. 


SENSOR DESCRIPTION: 


The electron capture detector consists of a cell containing a beta-emitting radioactive source purged with an inert eas 
Elecuons emitted by the radioactive source are slowed to thermal velocities by colliti^T^l^uS are 
ewnmatiy coated by a suitable electrode giving rise to a standing current in the cell. If a gas with greater electSi 


REFERENCE: 

V SSlXIt Inarameo “ ,on S “ ve > r ’ Enviranmeol Monitoring-. VoL 

Butt^o^^^" J L^l‘^5 niment TeChn0,0gy Measurement of Temperature and Chemical Composition”, 
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CHEMICAL SENSORS DATABASE 


A - Inlet for carrier gas and anode 
B - Diffuser - made of 1 00 mesh brass gauze 
C * Source of ionizing radiation 
D - Gas outlet and cathode 



C.5 Electron Capture Detector (ECD) 


CHEMICAL SENSORS DATABASE 


SENSOR NAME : Flame Ionization Detector (FID) 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

TECHNOLOGY: All WRM 


SENSOR TYPE: CH 

OPERATION: Flame ionization 


ACCURACY: ± ... % 

RESOLUTION: 1.0E-11 G 

NO. OF DETECTABLE 
MICROBES: 6.0 

Operational Fnvirr. nmfnf 
TEMP. RANGE: — 
PRESS. RANGE: — 

POWER: 

WEIGHT: 

VOLUME: 

— W* 

— LB* 

... FT A 3* 

| DETECTABEL SPECIES: Organics 

CYCLE TIME: 

— MIN. 

I SELECTIVITY RATING: 2.0 


LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


d»" 8e in ionkadon anew inside . clumber. Gas eludng from a gas 


REFERENCE: 

\^rTwa^,1foh? S^nXTllS InStrUmentatl ° n SurVCy ’ " InStrUmCntatl0n Environmental Monitoring", 

TCChn0,0gy 2) Mcasurement of T^nttuxe and Chemical Composition", 
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Vent 





Cylindrical 
'collector electrode 


.Insulator 


\ 

Teflon 


Diffuser 


Column effluent and 
hydrogen 


The detector body and 
jet tip are at the same 
potential 


C.6 Flame Ionization Detector (FID) 
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SENSOR NAME : Flame Photometric Detector (FPD) 


SUBSYSTEM: WRM 
SENSOR TYPE: CH 


SENSOR IN FORMATION 

TECHNOLOGY: All WRM 
OPERATION: Spectroscopy 


ACCURACY: ± ... % 

RESOLUTION: 1.0E-11 G 

NO. OF DETECTABLE 
MICROBES: 4.0 

DETECTABEL SPECIES: Sulfur, Phosphorus 
SELECTIVITY RATING: 6.0 


Operational Fnyjrpnmrnf 
TEMP. RANGE: — 
PRESS. RANGE: — 


POWER. 

WEIGHT: 

VOLUME: 


— W* 

— LB* 

— FT A 3* 


CYCLE TIME: — MIN. 

LIFETIME: — YEARS 

* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

burned in a 'bemi-liimniescenl species when 

photomultiplier tube through a suitable filter thus makine Se2teS !C,1 £ ^ a " d spcctra - TWs ,s monitored by a 
nitrogen. 8 utoie inter, thus making the detector selecuve to other elements, including halogens and 


REFERENCE: 

TeChn ° ,0gy 2) Measurcment of Temperature and Chemical Composition". 
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to pump 

(pulling sample through) 


H, 


sample 



photomultiplier 

tube 


narrow-band 

interference 
thermal fj|ter 

spacer 


C.7 Flame Photometric Detector (FPD) 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Fluorescence Detector 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

1 « ii vyiviTirv i njn 

TECHNOLOGY: All WRM 


SENSOR TYPE: CH 

OPERATION: Spectroscopy 


ACCURACY: ± ... % 

Operational Environment 

POWER: 

... w* 

1 RESOLUTION: 1.0E -8 G TEMP. RANGE: - 

WEIGHT: 

— LB* 

NO. OF DETECTABLE 
MICROBES: 9.0 

PRESS. RANGE: — 

VOLUME: 

... FT A 3* 

DETECTABEL SPECIES: 

Molecule with momentum, 
rotation, and vibration 

CYCLE TIME: 

— MIN. 

SELECTIVITY RATING: 

6.0 

LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


if -">* “ * * roonochromaiic Ugh. sou**. 

tno™eo7d*ct^£S^^ 


REFERENCE: 

*’ Rh ? te Methods ft, the Esantinarion of Waler and 

FeteZf. im Assocunon. American Water Works Association. and Water Pollution Control 

V^rTwJ^S iS^Sk Uismntentauon Survey. "Instrumentation Environmental Monitoring". 
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Lamp 


C.8 Fluorescence Spectroscopy Process 
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SENSOR NAME : Fourier Transform Infrared (FTIR) 

SENSOR INFORMATION 


SUBSYSTEM: C02 REDUCTION, C02 TECHNOLOGY- 

REMOVE, WRM. ii*-hnuL0GY. 


All in these Subsystems 


SENSOR TYPE: CH 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -6 G 

NO. OF DETECTABLE 
MICROBES: 8.0 


OPERATION: Fourier transformation + IR 


Operational Fn v ilT > nmrnt 
TEMP. RANGE: — 
PRESS. RANGE: — 


DETECTABEL SPECIES: Compound with dipole 
SELECTIVITY RATING: 9.0 


POWER: — W* 

WEIGHT: 40 LB* 

VOLUME: 3.5 FT A 3* 

CYCLE TIME: — MIN. 


LIFETIME: 


— YEARS 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

absorb infrared radiad^ T e,h ^- Ma "y gaseous and Uquid compounds 

structure and concentration. Radiationexitinir E , SpCC f ,C ^ ave,en 8 ths depends on molecular 
can be created containing frequency and intensity mfomliT ^ analyzed to determine absorbance. An interferogram 
yields the frequencies ° f ' “* interferogram using a Fourier trwsfonn 


REFERENCE: 

Laboratories UcJdieeTEilL*^^ ^ > J^ Vm)nmCntal Monilorin g". Material and Process 
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Sensor Figure Not Included 
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SENSOR NAME : Fuel Cell Oxygen-Measuring Instrument 


SENSOR INFORMATION 


SUBSYSTEM: All 

TECHNOLOGY: All 


SENSOR TYPE: CH 

OPERATION: Fuel Cell Oxygen Diffusion 

ACCURACY: ± ... % 

Operational Environment 

POWER: 

... w* 

RESOLUTION: — G 

TEMP. RANGE: — 

WEIGHT: 

— LB* 

NO. OF DETECTABLE 
MICROBES: 3.0 

PRESS. RANGE: — 

VOLUME: 

... ft*3* 

DETECTABEL SPECIES: 02 

% 


CYCLE TIME: 

— MIN. 

SELECTIVITY RATING: 3.0 


LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

Galvanic or fuel cells differ from polarographic cells and high temperature ceramic sensors because they require no 
external source of power to drive them. A lead anode is made in the geometric form that maximizes the amount of metal 
available for reaction with a convex disc cathode. Both electrode are immersed in an aqueous potassium hydroxide 
electrolyte. Diffusion of oxygen through the membrane enables the reaction to take place. The electrical output of the 
cell can be related to the partial pressure of oxygen on the gas side of the membrane in a manner analogous to that 
described for membrane -covered polarographic cells. 


REFERENCE: 

B. E. Noltingk, "Jones' Instrument Technology 2) Measurement of Temperature and Chemical Composition \ Butterworth 
& Co. Ltd, 1985. 
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C.9 Oxygen Cell 




CHEMICAL SENSORS DATABASE 


SENSOR NAME : High Performance Liquid Chomatography (HPLC) 

SENSOR INFORMATION 

SUBSYSTEM: WRM TECHNOLOGY: All WRM 

SENSOR TYPE: CH OPERATION: Liquid chromatography 

POWER: — W* 

WEIGHT: 96 LB* 

VOLUME: 6.1 FT A 3* 

CYCLE TIME: — MIN. 

LIFETIME: — YEARS 

* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

Although gas chromatograph methods are widely used, they can detect only 10% of the organic compounds found in 
water. HPLC methods may be capable of detecting much of the remaining 90%. HPLC works basically the same as GC 
except liquid is the moving phase, and high pressures and narrow columns allow shorter intervals and smaller volumes of 
samples to be analyzed. Changing the moving phase mid-column is essential because it {days a more important role than 

inGC. Refractive index, absorption, or fluorescence are used as detection methods. 


REFERENCE: 

Lawrence Berkeley Laboratory Environmental Instrumentation Survey, ’Instrumentation Environmental Monitoring" 
Vol. 2, Water, John Wiley & Sons Inc., 1986. 

Ben E. Noltingk, "Jones' Instrument Technology 2) Measurement of Temperature and Chemical Composition", 
Butterworth &. Co. Ltd, 1985. 

L. S. Clesceri, A. E. Greenberg, and R. R. Trussell, "Standard Methods for the Examination of Water and Wastewater", 
American Public Health Association, 17th Edition, 1989. 
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ACCURACY: ± — % Operational Err 

RESOLUTION: 1.0E -12 G TEMP. RANGE: 

NO. OF DETECTABLE PRESS. RANGE: 

MICROBES: 9.0 


DETECTABEL SPECIES: Synthetic Organic Compounds, 

Pesticide, Phenolics, PAH, Oil 
SELECTIVITY RATING: 8.5 



CHEMICAL SENSORS DATABASE 


Detector 



Recorder/display 


Oven or 
liquid jacket 
tor 

temperature 

control 


Eluent 

composition 

control 

(gradient device) 


Pre-column 


Injection system 


C.10 High Performance Liquid Chromatography (HPLC) 
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SENSOR NAME : High Temperature Ceramic Sensor Oxygen Probes 

SENSOR INFORMATION 


SUBSYSTEM: ALL 

TECHNOLOGY: All 

SENSOR TYPE: CH 

OPERATION: Surface Potential Change 
Related to 02 Contents 

ACCURACY: ± ... % 

RESOLUTION: — G 

NO. OF DETECTABLE 
MICROBES: 3.0 

Operational Environment 
TEMP. RANGE: 600°C to 
PRESS. RANGE: 1 ^9°° C 

POWER: — W* 

WEIGHT: — LB* 

VOLUME: — FT A 3* 

DETECTABEL SPECIES: 02 


CYCLE TIME: — MIN. 

SELECTIVITY RATING: 3.0 


LIFETIME: — YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

Just as an electrical potential can be developed at a glass membrane which is a function of the ratio of the hydrogen 
concentration on either side, a pure zirconia tube maintained at high temperature will develop a potential between its 
surfaces that is function of the partial pressure of oxygen which is in contact with its surfaces. This is the principle 
involved in the oxygen probes. v 


REFERENCE: 

a r' ?!f n ,fe< JOneS ' Instrument Technology 2) Measurement of Temperature and Chemical Composition", Butterworth 

<* v-O. Liu, l/oj, 

D. E. Williams and P. T. Moseley, "Progress in the Development of Solid State Gas Sensors", Measurement + Control 
Volume 21, March 1988. 
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Sensor Figure Not Included 
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SENSOR NAME : Inductively Coupled Plasma Emission (ICPE) 


SENSOR INFORMATION 


SUBSYSTEM: WRM 
SENSOR TYPE: CH 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -8 G 

NO. OF DETECTABLE 
MICROBES: 7.0 


TECHNOLOGY. All WRM 


OPERATION: Atomic Emission 


POWER: 


- « TEMP ' RANGE: - WEIGHT: 800 LB* 

MICROBK^^O BLE PRESS - RA NGE: "" VOLUME: — FT A 3* 

DETECTABEL SPECIES: Major ions. Metals CYCLE TIME: MIN. 

SELECTIVITY RATING: 9.0 LIFETIME: 

* Design specific information, to be determined 

SENSOR DESCRIPTION: 

High temperature plasmas excite atomic emission very efficiently Ionization of a hitrh t , 

good ionic emission spectra. The ICP provides an nmiraiiv -thin" . 8 “S' 1 percentage of atoms produces 

very high concentnuion^^ source that ui not subject to self-absorption except at 

elements. The efficient excitation provided tonhe ICP rLilts °? ler ?. of m f gnitud e can be observed for many 


— w* 


DETECTABEL SPECIES: Major ions, Metals 
SELECTIVITY RATING: 9.0 


REFERENCE: 

W— Med * ds for *• - 

BuowTOrt^CoJLl^'l^ 011 " 61 ' 1 TtChn ° l08y 2) Measura "™ °f «>d Ch«nical Composilion-, 
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Aerosol carrier argon flow 


C. 1 1 Typical Inductively Coupled Plasma Configuration 
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SENSOR NAME: Infrared Spectroscopy (IR) 


SENSOR INFORMATION 


SUBSYSTEM: C02 REDUCTION, C02 TECHNOLOGY- at r • u 

REMOVE, WRM. LHNULOGY. ALL in subsystem 


SENSOR TYPE: CH 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -6 G 

NO. OF DETECTABLE 
MICROBES: 8.0 


OPERATION: Spectroscopy 


Operational EnyilTfflmiTlt 
TEMP. RANGE: — 
PRESS. RANGE: — 


POWER: 

WEIGHT: 

VOLUME: 


DETECTABEL SPECIES: CO , C02, Compound with dipole CYCLE TIME: 

SELECTIVITY RATING: 9.0 T ^ .... 

LIFETIME: — YEARS 


— W* 

— LB* 

... FT A 3* 

— MIN. 


~ &***& specific information, 10 be determined. 

SENSOR DESCRIPTION: 

spectrum of a^cularmo!^ ™ tion of mo,ccules - 7,16 infrared 


REFERENCE: 

Vol. 2, Water, John V^^?on™^™98^ Instrumentation Surv ey, "Instrumentation Environmental Monitoring”, 
B^^^ 0 " J ^' 1 ^ 5 mimCnt Tcchnolo «y 2) Measurement of Temperature and Chemical Composition", 
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I.R. source 


Reflector 



\ 


Rotating 



Oetector 


(a) 

\ 

Radiator 



C.12 (a) Luft-Type Infrared Gas Analyzer, (b) Infrared Gas of the Concentration 

Recorder 
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SENSOR NAME : Metal Oxide 


SENSOR INFORMATION 


SUBSYSTEM: C02 REDUCTION TECHNOLOGY: ACRS, SABATIER, C02_E. 

SENSOR TYPE: CH OPERATION: Semiconductor 

ACCURACY: ± — % Operational Environment 

POWER: 

... w* 

RESOLUTION: 1.0E -8 G TEMP. RANGE: — 

WEIGHT: 

— LB* 

NO. OF DETECTABLE PRESS. RANGE: ~ 

MICROBES: 4.0 

VOLUME: 

... FT A 3* 

DETECTABEL SPECIES: CO , CH4, Combustible, 

CYCLE TIME: 

— MIN. 

flammable gas 

SELECTIVITY RATING: 2.0 

LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

R«luction of oxidizing gases interacting with absorbed oxygen on a hot surface causes a dramatic change in conductivity. 
Metal Oxide Sensors can indicate low levels of flammable gas and combustion products and are sensitive to low vapor 
concentrations. Metal Oxide Sensors are very small, cheap, and robust, but poor selectivity and reproducibility. 
Selectivity can be increased exhibit utilizing a sensor array and pattern recognition methods. 


REFERENCE. 

Bernard Hulley, "Chemical Sensors - an Overview", Measurement + Control, Vol. 21, March 1988. 

T. A. Jones, "Trends in the Development of Gas Sensors", Measurement + Control, VoL 22, July/August 1989. 

C. Hierold and R. Muller, Quantitative Analysis of Gas Mixtures with Non-Selective Gas Sensors”, Sensors and 
Actuators, 17 (1989) . 
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Thin-film tin oxide gas sensor 



C.13 Thin Film Tin Oxide Gas Sensor 
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SENSOR NAME : Non-Dispersive Infrared Spectroscopy (NDIR) 

SENSOR INFORMATION 


SUBSYSTEM: C02 REDUCTION, C02 
REMOVAL. 

SENSOR TYPE: CH 


TECHNOLOGY: BOSCH, SABATIER, 
C02_E, 4BMS, 2BMS, 
SAWD 

OPERATION: Spectroscopy 


ACCURACY: ± — % 

RESOLUTION: 1.0E-11 G 

NO. OF DETECTABLE 
MICROBES: 5.0 


Operational Environment 


PRESS. RANGE: - 
DETECTABEL SPECIES: CO , C02, Hydrocarbon 
SELECTIVITY RATING: 9.0 


POWER: 

10 W* 

WEIGHT: 

6 LB* 

VOLUME: 

0.1 FT A 3* 

CYCLE TIME: 

0.05 MIN. 

LIFETIME: 

--YEARS 


SENSOR DESCRIPTION: 

sourcc isdinx««l down a path of known length, the gas of interest absorbs specific wavelengths 
S e 3^ 0n ““ ^ determined by dircct comparison of transmitted light. Problems dS to reference wS 

* S ° L urCK imy vary ’ unevcn cooting of optical surfaces by dirt may affect measurement A 
^ P ^? d /T h ! Ch ^ absorb m£rarcd radiation cannot use this technique. Improvements in design have provided a 

, f n ^ wavelength system with automatic drift compensation for aging and dirt accumulation NDIR has been 
used for 40 years to measure C02. CO. and a few other gases and is safe, acetate, fast S^could Ssikte 
SSE a ^jor Constituent Analyzer. This technology also applies to the monitoring’of combusnble gases 

which offers the user an economical, safe method of detection. gases ’ 


REFERENCE: 

ButtCTworti'jfco InStrument Technol °gy 2 ) Measurement of Temperature and Chemical Composition". 
Ltd. 1985. 

John W. Small, " Monitoring of Combustible Gases", Measurements & Control, June 1988. 
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C.14 Non-Dispersive Infrared Spectroscopy (NDIR) 
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SENSOR NAME : Nuclear Magnetic Resonance (NMR) 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

TECHNOLOGY: All WRM 

SENSOR TYPE: CH 

OPERATION: Resonance Spectroscopy 

ACCURACY: ± — % 

Operational Environment 

POWER: — W* 

RESOLUTION: l.OE -6 G 

TEMP. RANGE: — 

WEIGHT: ™ LB* 

NO. OF DETECTABLE 
MICROBES: 8.0 

PRESS. RANGE: — 

VOLUME: — FT A 3* 

1 DETECT ABEL SPECIES: Synthetic Organic Compounds, 

CYCLE TIME: — MIN. 

I SELECTIVITY RATING: 7.5 


LIFETIME: — YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

The basis of this technique is the resonant interaction between a high frequency field and the nuclei of a compound placed 
in an external magnetic field. When the nucleus absorbs energy from the resonant field it goes to an excited state then 
releases the energy in the form of light when it returns to the ground state. Isotopes with both the number of neutrons and 
the number of protons being even (C12, 016, S32) do not have any moment and can not be detected by this technique. 


REFERENCE: 

Ben E. Noltingk, "Jones' Instrument Technology 2) Measurement of Temperature and Chemical Composition", 
Butterworth & Co. Ltd, 1985. 

Robert H. Perry, Don W. Green, and Jame O. Maloney, "Perry s Chemical Engineers' Handbook", - Hill Book Company, 
6th Edition, 1984. 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Paramagnetic Oxygen Analyzers 


SUBSYSTEM: ALL 

- vsvitltx X iV/1 1 

TECHNOLOGY: Ail 


SENSOR TYPE: CH 

OPERATION. 

Oxygen's Paramagnetic Property 

ACCURACY: ± ... % 

Operational Fnvi r ^ nmrnf 

POWER: 

... w* 

RESOLUTION: — G 

TEMP. RANGE: — 

WEIGHT: 

— LB* 

NO. OF DETECTABLE 
MICROBES: 2.0 

PRESS. RANGE: — 

VOLUME: 

... ft a 3* 

DETECTABEL SPECIES: 02 


CYCLE TIME: 

— MIN. 

SELECTIVITY RATING: 2.0 


LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

ShCU 315 Un h paired ’. *6 magnetic moment of the molecule isnot neutralized This 


REFERENCE: 

Instrument Technolo «y 2) Measurement of Temperature and Chemical Composition". Butterworth 
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Sensor Figure Not Included 
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SENSOR NAME : Photo-ionization Detector (UV) or (PID) 


SUBSYSTEM: WRM 


SENSOR INFORMATION 


TECHNOLOGY: All WRM 


SENSOR TYPE: CH 


OPERATION: Light Ionization 


ACCURACY: ± ... % 

RESOLUTION: 1.0E-11 G 

NO. OF DETECTABLE 
MICROBES: 6.0 


TEMP. RANGE: — 
PRESS. RANGE: — 


DETECTABEL SPECIES: Organics (no low molecule weight 

hydrocarbon) 

SELECTIVITY RATING: 5.0 


POWER: 

WEIGHT: 

VOLUME: 


— W* 

— LB* 

— FT A 3* 


CYCLE TIME: — MIN. 


LIFETIME: 


---YEARS 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

J as ese* rr hnM r ^ 

on a charged plate and are measured with an electrometer amnLier ^fh!*^ 0 " 1 ^ T* 1 ? ,ons gcncrated *** collected 

redecd* Tlie 


REFERENCE: 

W "Ipswimeniaiion Envi™™*, More*™*-, 
la iST ™” 1 T£Cl, "°' 0gy 2) M “ s “'“ ncn ' °t Temperature and Cdemice. Coreposidon'. 
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CHEMICAL SENSORS DA T ABASE 
SENSOR NAME : Polarographic Process Oxygen Analyser 

SENSOR INFORMATION 


SUBSYSTEM: All 

TECHNOLOGY: All 


SENSOR TYPE: CH 

OPERATION: Polarographic s 


ACCURACY: ± — % 

Operational Environment 

POWER: 

— W* 

RESOLUTION: — G 

TEMP. RANGE: — 

WEIGHT: 

— LB* 

NO. OF DETECTABLE 
MICROBES: 2.0 

PRESS. RANGE: — 

VOLUME: 

— FT A 3* 

DETECTABEL SPECIES: 02 


CYCLE TIME: 

— MIN. 

SELECTIVITY RATING: 2.0 


LIFETIME: 

0.5 YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

This oxygen analyzer uses the am pero metric method of measurement for the continuous measurement of oxygen in flue 
gases, inert gas monitoring, and other applications. Oxygen diffuses through a thin membrane and reacts with the 
cathode, the corresponding anodic reaction takes place. For the reaction to continue, however, an external potential must 
be applied between cathode and anode. Oxygen will then continue, to be reduced at the cathode, causing a current to 
flow, the magnitude of which is proportional to the partial pressure of oxygen in the sample gas. 


REFERENCE: 

B. E. Noltingk, "Jones' Instrument Technology 2) Measurement of Temperature and Chemical Composition", 
Butterworth & Co. Ltd, 1985. 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Potentiometric 


OPERATION: Electrochemical 


SENSOR INFORMATION 

SUBSYSTEM: C02 REDUCTION C02 TFrHMDi rv'v ah • u P 

REMOVAL tCHNOLOGY: All m these Subsystem. 

SENSOR TYPE: CH 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -7 G 

NO. OF DETECTABLE 
MICROBES: 6.0 


Operational Fqvj r ^ nrnfnf 
TEMP. RANGE: — 
PRESS. RANGE: — 


DETECTABEL SPECIES: H2, 02, S02, CO, CL2 


POWER: 

WEIGHT: 

VOLUME: 

CYCLE TIME: 


... w* 

— LB* 

... FT A 3* 

— MIN. 



SENSOR DESCRIPTION: 


■"* by » semipermeable m embn» e . He 
The electromotive force developed in the cell is nmrwrinnai e,ectrol >' le causing a change in cell chemical potential, 
species of interest. T^sSfJJ e fi ‘°J he 3CUV,ty " cffectivc concentration of the gaseous 

H2S. SCnSOrS ^ ^ suscepuble to interference from other compounds such as NQ2 SoTand 


REFERENCE: 

nkatasetty, Electrochemical Multigas Sensors for Air Monitoring Assembly", SAE 881082, 1988. 

Hank Wohltjen, Chemical Microsensors and Microinstnimentation", Analytical Chemistry, Vol. 56, No. 1, Jan. 1984 
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Source: 



C.18 Potemtiometric Gas Sensor 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Semiconductor 


SENSOR INFORMATION 


SUBSYSTEM: C02 REDUCTION TECHNOLOGY: ACRS, BOSCH, 

SABATIER. 


SENSOR TYPE: CH OPERATION: Measuring the Change of 

Conductivity 

ACCURACY: ± — % Operational Environment 

RESOLUTION: — G TEMP. RANGE: — 

NO. OF DETECTABLE PRESS. RANGE* — 

MICROBES: 6.0 

POWER: 

WEIGHT: 

VOLUME: 

— W* 

— LB* 

— FT A 3* 

DETECT ABEL SPECIES: Combustible gases. Other gases 

CYCLE TIME: 

— MIN. 

SELECTIVITY RATING: 4.0 

LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

The electrical conductivity of many metal oxide semiconductors is changed when a gas molecule is adsorbed on the 

?"S\ ^tion in^lves the formation of bonds between the gJmoleadeT ^ SSSSSSL by 

Char ? e ' V™ Char8 * transfer Changes ** e,ectronic structure of the semiconductor, altering its * 
conductivity. The conductivity changes are related to the number of gas molecules adsorbed on the surface and hence to 
the concentration of die adsorbed species in the surrounding atmosphere. Semiconductor detectors are mainly used as 
low cost devices for detection of flammable gases. The main defect of the devices at . 


REFERENCE: 

B. E. Noltingk, "Jones' Instrument Technology 2) Measurement of Temperature and Chemical Composition", 
Butterworth & Co. Lid, 1985. 

D. E. Williams and P. T. Mosely, "Progress in the Develpment of Solid State Gas Sensors", Measurment + Control 
Volume 21, March 1988. 
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Contacts 



Semiconductor 

layer 


C.19 Semiconductor Gas Sensor 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Surface Acoustic Wave (SAW) 



SUBSYSTEM: C02 REDUCTION 02 TFr'HMOi rv^v ah- l „ 

GENERATION WRM TECHNOLOGY. All m these Subsystems. 


SENSOR TYPE: CH 

ACCURACY: ± ... % 

RESOLUTION: l.OE -6 G 

NO. OF DETECTABLE 
MICROBES: 5.0 

DETECTABEL SPECIES: H2, S02, H20 
SELECTIVITY RATING: 2.0 


OPERATION: Surface Acoustic Wave 


Operational Fn Y j TT > nnif . nr 
TEMP. RANGE: — 
PRESS. RANGE: — 


POWER: 

WEIGHT: 

VOLUME: 

CYCLE TIME: 
LIFETIME: 


... w* 

— LB* 

... FT A 3* 

— MIN. 
— YEARS 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

<^caon. The device consist of a 

(RF) voltage of the mCT> f ab " c ‘ ttd “ ~h end When eaeited by a mdio frequency 

surface wave propag^ ^th^ wave ; “ crcaIed “ the piezoelectric substrW. Thi 

back to a RF voltage. Any material adsoibedon the surf^im^Ii^J^^ r0CCmng whcrc it is converted 
This can be used to detect H20 S02 H2 and n . , to, Pt^ttce large changes in wave amplitude and velocity, 

pressure, temperature^ ^ri“ei cootpoonds below ppm concenuitions as well as 


REFERENCE: 

Hank Wohltjen. Chemical Microsensors and Microinstnimentadon", Analytical Chemistry. Vol. 56. No. 1, Jan. 1984 
T. A. Jones. Trends in the Development of Gas Sensors", Measurement + Control, VoL 22, July/August 1989. 

A. Damico and E. Verona, "SAW Sensors", Sensors and Actuators, 17 (1989), P55-66. 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Thermal Conductivity Detectors (TCD) 


SENSOR INFORMATION 


SUBSYSTEM: ALL 

- j. ivyii 

TECHNOLOGY: All 


SENSOR TYPE: CH 

OPERATION: Kinetic Theory 


• ACCURACY: ± ... % 

RESOLUTION: 1.0E -6 G 

NO. OF DETECTABLE 
MICROBES: 10.0 

Operational Environment POWER* 

TEMP. RANGE: Room Temp WEIGHT: 

PRESS. RANGE: - VOLUME: 

— W* 

— LB* 

— FT A 3* 

I DETECTABEL SPECIES: Universal CYCLE TIME- 

— MIN. 

1 SELECTIVITY RATING: 2.0 

LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


ss. 


REFERENCE: 

^ ■'°*™™** avtamenu, Morning-, 
Co'.' ^SflSSs™"* Technolog) ' 2) “ f Ten.p«n»ure and Chemical Companion-. 
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CHEMICAL SENSORS DATABASE 


CHROMATOGRAPHIC 

COLUNN 



C.21 Conductivity Detector 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Thin Layer Chromatography (TLC) 


SUBSYSTEM: WRM 


SENSOR TYPE: CH 


SENSOR INFORMATION 


TECHNOLOGY: TIMES, VCD, AES, 

VPCAR, RO, MF, SCWO, 
WE 

OPERATION: Chromatography 


ACCURACY: ± — % Operational Environment POWER: — W* 

RESOLUTION: 1.0E -6 G TEMP. RANGE: — WEIGHT - LB* 

M?CROBK TEC ?0 BLE PRESS. RANGE: VOLUME: - FT A 3* 

DETECTABEL SPECIES: Organics, Oil, Pesticide CYCLE TIME: MIN 

SELECTIVITY RATING: 7.0 LIFETIME: —YEARS 

* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

Thin Layer Chromatography (TLC) is a form of adsorption chromatography useful for organic microanalvsU in nr .h- 

TLC is rapid, provides high resolution, and requires liule pre-anaivsis samole clLntm Hiah vJv! 

many different samples simultaneously, is fSr than HPLc! ^ ^ ™ 


TEMP. RANGE: — 
PRESS. RANGE: — 


DETECTABEL SPECIES: Organics, Oil, Pesticide 
SELECTIVITY RATING: 7.0 


REFERENCE: 

Environmenul Moniaring-, 

TeChn0l0gy 2) Measurement of Temperature and Chemical Composition", 
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Paper or TLC 
plate 


Samples applied 
here 


Eluent reservoir 


C.22 Ascending Eluent Used With Thin Layer Chromatography 



CHEMICAL SENSORS DATABASE 


SENSOR NAME : Ultrasonic Detector 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

wvax u 'fj. V4\ITin 1 IV/Il 

TECHNOLOGY: All WRM 


SENSOR TYPE: CH 

OPERATION: Sound Speed Related 

on Density 

ACCURACY: ± ... % 

RESOLUTION: 1.0E -9 G 

NO. OF DETECTABLE 
MICROBES: 10.0 

Operational Fnvirn nnifnf 
TEMP. RANGE: -- 
PRESS. RANGE: — 

POWER: 

WEIGHT: 

VOLUME: 

... w* 

— LB* 

... FT A 3* 

1 DETECTABEL SPECIES: Universal 

CYCLE TIME: 

— MIN. 

| SELECTIVITY RATING: 2.0 


LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


REFERENCE: 

B^o^^" J ^l^5 tniment TCChn ° l0gy 2) Measurement of Temperature and Chemical Composition", 
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C.23 Ultrasonic Detector 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Enzymes 


SENSOR INFORMATION 


SUBSYSTEM: WRM TECHNOLOGY: All in WRM. 

SENSOR TYPE: CH/BIO OPERATION: Enzyme + Electrode 


ACCURACY: ± — % 

RESOLUTION: 1.0E -9 G 

NO. OF DETECTABLE 
MICROBES: 4.0 



TEMP. RANGE: — 


PRESS. RANGE: — 


DETECT ABEL SPECIES: Drugs, Antigens, Antibodies, 

Metabolites 

SELECTIVITY RATING: 7.0 


POWER: — W* 

WEIGHT: — LB* 

VOLUME: — FT A 3* 

CYCLE TIME: — MIN. 

LIFETIME: — YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

Enzymes are the original biocatalysts used in biosensors. They are natural protein catalysts that affect reactions and 
usually act on unique substrates. The most common form of enzyme-based electrochemical biosensor is the enzyme 
electrode which consists of a thin layer of enzyme immobilized on the surface of an electrochemical sensor. The enzyme 
is chosen to catalyze a reaction which generates a product or consumes a co-reactant which can be monitored 
electrochemically. The elec croc hemically generated signal provides a measure of the desired substrate concentration. 
These sensors have lifetimes measured in days/weeks and must be calibrated regularly, but lifetimes are being enhanced 
by several methods. Enzyme sensors generally suffer from instability of the enzyme layer. 


REFERENCE: 

Steven L. Brooks and Anthony P. F. Turner, "Biosensors for Measurement and Control", Measurement + Control, Vol 
20, May 1987. 

R. K. Kobos, "Enzyme-Based Electrochemical Biosensors", Trends in Analytical Chemistry, Vol. 6, No. 1, 1987. 
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— Electrochemical 
Sensor 


S-* P 


— Enzyme Layer 


Mass | Transfer 

S 


Bulk Solution 


C.24 Principle of Operation of Enzyme Electrodes 


CHEMICAL SENSORS DATABASE 


SENSOR NAME : Gas Chromatograph/Mass Spectroscopy (GC/MS) 


SENSOR INFORMATION 


I SUBSYSTEM: ALL 

v w WAX nil V/IUT1A 1 lull 

TECHNOLOGY: All 


SENSOR TYPE: CH/BIO 

OPERATION: GC/MS 


ACCURACY: ± ... % 

RESOLUTION: 1.0E -9 G 

NO. OF DETECTABLE 
MICROBES: 9.0 

Operational F.n V ir ftnmfnf 
TEMP. RANGE: — 
PRESS. RANGE: — 

POWER: 

WEIGHT: 

VOLUME: 

... w* 

— LB* 

... FT A 3* 

1 DETECT ABEL SPECIES: Universal 

CYCLE TIME: 

— MIN. 

[ SELECTIVITY RATING: 8.5 


LIFETIME: 

— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

SSCSLT of chemicds in comple, mi*mes. n* 

r^v. Miss spectrometers designed 

effluent every 1 -3 sec. Sensitivitv of detectinrTnnH ,J«fi a, yS *r fl* c ?f abl f of P roducin g a mass spectrum of this 
contpoeed. Genmally. identificanon Is feasible on the nanogn^ L I 


REFERENCE: 

VoTTvK -■"^■bUon Environmental Mcmitchng-, 



CHEMICAL SENSORS DATABASE 



C.25 Schematic of Gas Chromatograph Mass Spectrometer (GC/MS) 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Gas Chromatography (GC) 


SENSOR INFORMATION 

SUBSYSTEM: ALL TECHNOLOGY: All 

SENSOR TYPE: CH/BIO OPERATION: Chromatograph 


ACCURACY: ± ... % 

RESOLUTION: 1.0E -9 G 

NO. OF DETECTABLE 
MICROBES: 8.0 



TEMP. RANGE: — 


PRESS. RANGE: — 


POWER: — W* 

WEIGHT: 90 LB* 

VOLUME: — FT A 3* 


DETECTABEL SPECIES: Synthetic Organic Compounds, CYCLE TIME: 

DO, Phenol, Pesticide, Thm, TO 


SELECTIVITY RATING: 7.0 


LIFETIME: 


MIN. 

30.00 
— YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

Almost all synthetic organic compounds can be determined qualitatively by GC. GC is a method whereby moderately to 
highly volatile compounds arc propelled via earner gas (moving phase) through a tube containing a stationary interactive 
medium (stationary phase) that delays transit of the sample compounds according to their physio-chemical properties. 
The compounds arc separated and emerge from the tube at different time intervals. For a given substrate under given 
conditions each compound has a charateristic retention time which can be used for tentative identification. Extensive 
complications of retention times of different compounds on different substrates are available. Positive identification can 
be made by collecting each compounds it elutes and analyzing by other means (detector) such as MS, Fi'lR, FID, TCD, 
etc. Retention times can be difficult to reproduce, and only relatively voliatile compounds can be detected. 


REFERENCE: 

Lawrence Berkeley Laboratory Environmental Instrumentation Survey, "Instrumentation for Environmental Monitoring" 
Volume 2, Water, 1986. 

Ben E. Noltingk, "Jones' Instrument Technology. Volume 2 Measurement of Temperature and Chemical Composition", 
Butterworth & Co. Ltd. 1985. 

Scott J. Selover, "Evaluation of Approaches to Space Based Environmental Monitoring", Material and Process 
Laboratories Lockheed Missiles and Space Co., Inc., Oct 1987. 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Mass Spectroscopy (MS) 


SUBSYSTEM: WRM 
SENSOR TYPE: CH/BIO 


ACCURACY: ± ... % 

RESOLUTION: 1.0E -12 G 

NO. OF DETECTABLE 
MICROBES: 9.0 


SENSO R IN FORMATION 

TECHNOLOGY: All WRM 
OPERATION: Ion Dispersion 


Operational Fnyj TT > nmfn f 
TEMP. RANGE: — 
PRESS. RANGE: — 


POWER: 

— W* 

WEIGHT: 

— LB* 

VOLUME: 

— FT A 3* 

CYCLE TIME: 

0.50 MIN. 

LIFETIME: 

— YEARS 


DETECTABEL SPECIES: Synthetic Organic Compounds, 

Pesticide, Oil 

SELECTIVITY RATING: 8.0 

* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

focuscdby electricaJand/w nugn^fidek. 5 ^^ Sffct^c^allo^-' 005 *** accclcra . tcd - deflected, and 

CM/q). Since singly charged ions predominate, the difference is a sim^fSiS^ 2 ??"^ ac £ wding 10 mass/char S* ratio 

ms s P ect nr ou^pcie, crx of 


REFERENCE: 

■“="“<>" W “hismimentalioo Envuonmemal Moniiming". 
Technology 2) Measmemem of Temperature and Chemical Composition". 
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t 

SAMPLE 

INLET 


KMMMr 
wit SMcrawM 
(OtcaiociuMwc 
MCOMUI 



C.27 Schematic of Quadrapole Mass Spectrometer 
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CHEMICAL SENSORS DATABASE 


SENSOR NAME : Tandem Mass Spectrometry (MS/MS) 

SENSOR INFORMATION 


SUBSYSTEM: ALL 

TECHNOLOGY: All 


SENSOR TYPE: CH/BIO 

OPERATION: Couple of Two or More MS 

ACCURACY: ± ... % 

Operational Environment 

POWER: 

— W* 

RESOLUTION: 1.0E-11 G 

TEMP. RANGE: — 

WEIGHT: 

20 LB* 

NO. OF DETECTABLE 
MICROBES: 10.0 

PRESS. RANGE: — 

VOLUME: 

1.0 FT A 3* 

1 DETECTAB EL SPECIES: Universal 

CYCLE TIME: 

6.00 MIN. 

1 SELECTIVITY RATING: 10.0 


LIFETIME: 

~ YEARS 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

MS/MS is a technique that uses mass spectrometry to perform both separation and identification of analytes This is the 
coupling of two (or more) mass analyzers with the capability at their interface to fragment the unique-mass ions from 
MS-I to yield charactensuc product ions of many masses to be separated. In this technique a single ion mass 
characteristic ofa particular compound, is selected for examination. All other ions are physically excluded by the 
spectrometer. The single molecular weight ions, called parent ions, are then decomposed to fragments for analysis. The 
identification of a particular analyte is based on the observation of specific patterns of fragment ions, also known as 
daughter ions. 


REFERENCE: 

Scott J Selover, "Evaluation of Approaches to Space Based Environmental Monitoring", Material and Process 
Laboratories Lockheed Missiles and Space Co., Inc., Oct. 1987. 

F. W. McLafferty, "Tandem Mass Spectrometry", John Wiley & Sons, Inc. 1983. 
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MASS SPECTRUM 


MS/MS SPECTRUM 


MS/MS 


DIRECT PROBE 




C.28 Tandem Mass Spectrometer (MS/MS) 
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Conductivity Sensors 


Sensor EaS£_ti2. 

1. Conductometric Analysis C-l 

2. Electrodeless Conductometric Measurements ^ 

3 . Oscillometric Analysis 


List of Figures 


Title Page 

1. Conductometric Analysis £-2 

2. Electrodeless Conductometric Measurements ^ 

3 . Oscillometric Analysis '-" t) 


PRECEDING PAGE BLANK NOT F5LMEJ 
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Conductivity Sensors Reference Summary 


Sensor 


Reference No. 


1 . 


Conductometric Analysis 

Electrodeless Conductometric Measurements 
Oscillometric Analysis 


2, 3,4 
1.4, 5,6 
4 


References 

1. B. H. Vassos, "Elecroanalytical Chemistry", John Wiley & Sons, 1983 

2. Harry N. Norton, "Sensor and Analyzer Handbook", Prentice Hall, Inc., 1982. 

3 . Lawrence Berkeley Laboratory Environmental Instrumentation Survey, "instrurmentation for 

Environmental Monitoring", Vol.2, Water, John & Sons, Inc., 1986. 

4. R. H. Perry, D W. Green, and J. O. Maloney, "Perry's Chemical Engineers’ Handbook", 

McGraw-Hill Book Co., 6th Edition, 1984. 

Khandpur. "Handbook of Modem Analytical Instruments", Tab Books Inc 1981 
6. The pH and Conductivity Handbook", OMEGA Co., 1989. 


Conductivity Sensors 


Conductivity measurements are made primarily to determine the 
concentration of a solution or to determine the relative amount of a salt in an 
aqueous solution. The principles are that of electrolytic conduction, in which the 
charge carriers are provided by ionization, and oscillometric analysis. 



CONDUCTIVITY SENSORS DATABASE 


SENSOR NAME : Conductometric Analysis 


SENSOR INFORMATION 


SUBSYSTEM: WRM 


SENSOR TYPE: CONDU 


TECHNOLOGY: All in WRM 


OPERATION: Electrical 


ACCURACY: ± 1.00 % Operational Environment POWER: 
MIN. RANGE: 500 Ohm TEMP. RANGE: 0°C to 100°C WEIGHT: 

MAX. RANGE: 1000 Ohm PRESS. RANGE: — VOLUME: 

PHASE: Liquid 


— W* 

— LB* 

— FT A 3* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION- 

the measured * C str '* cture ; conasl “ 1 g °f two electrodes firmly spaced within an insulating chamber such that 

measurements 


REFERENCE: 

6th EtfiS.’ 1984^ Green ’ 311(1 J ' °‘ Malone y* " PerT y' s Chemical Engineers 1 Handbook". McGraw - Hill Book Company, 
Harry N. Norton. "Sensor and Analyzer Handbook", Prentice Hall Inc., 1982. 

Voltune2 Envi^0n,nCnta, Ins ^«*tation Survey, "Instrumentation for Environmental Monitoring", 
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CONDUCTIVITY SENSORS DATABASE 


Insulation 


Inner electrode 
vitn thermometer 



Central 

electrode 


Outer electrode 




Outer and 

screening electrodes 


Insulation 


D.l Conductivity Sensor Configurations: (a) Immersion Probe; (b) Flanged 
Flow Chamber Sensor, (c) Sensor With Four Ring Electrode 










CONDUCTIVITY SENSORS DATABASE 


SENSOR NAME : Electrodeless Conductometric Measurements 


SUBSYSTEM: WRM 
SENSOR TYPE: CONDU 

ACCURACY: ± 1.00 % 
MIN. RANGE: — Ohm 

MAX. RANGE: ~ Ohm 


SENSOR INFORMATION 

TECHNOLOGY: All in WRM 
OPERATION: Electrodeless 

Orerational Envimnmp^ POWER: 

TEMP. RANGE: 0°C to 100°C WEIGHT: 
PRESS. RANGE: - 
PHASE: Liquid 


— W* 

LB* 

VOLUME: 3 000 FT A 3* 

0.200 


SENSOR DESCRIPTION: 


• Design specific information, to be determined. 


rBisun “ ofa cloMd 

*illtog mud. This mediod offers the " i "“- “■“* s * un y* and 

wid, it This ehminams ihe possrbii^and Lge,^eS^£^£K^ « out of direct 


REFERENCE: 


R. H. Perry, D. W. 
6th Edition, 1984. 


Green, and J. O. Maloney, "Peny's Chemical Engineers' Handbook-, McGraw - Hid Book Company, 


B. H. Vassos, ElectroanaJytical Chemistry", John Wiley & Sons, 1983. 

R. S. Khandpur, "Handbook of Modem Analytical Instruments", Tab Books Inc., 1981. 
An OMEGA Technology Company, "The pH and Conductivity Handbook". 1989. 
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CONDUCTIVITY SENSORS DATABASE 


SENSOR NAME : Oscillometric Analysis 


SENSOR INFORMATION 


SUBSYSTEM: WRM 

ViVlTiA i lV/ll 

TECHNOLOGY: All in WRM 


SENSOR TYPE: CONDU 

OPERATION: Oscillation 


ACCURACY: ± ... % 
MIN. RANGE: — Ohm 

MAX. RANGE: — Ohm 

Operational F.nvi,^ nTrtfnT 
TEMP. RANGE: — 
PRESS. RANGE: — 
PHASE: Liquid/Solid 

POWER: 

WEIGHT: 

VOLUME: 

— W* 

— LB* 

— FT A 3* 


* Design specific information, 10 be determined. 


SENSOR DESCRIPTION: 


e sssrsr 1 **? 


REFERENCE: 

6lhE<uS: S' Grecn - " d J °' Mal0,iey ' ' Pc ^ /S Cheral '** E "S i "“* Handbook-. McGraw . Hill Book Company. 
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Flow Measurement 


Sensor 


Page Nfl* 


1 . Coriolis Flowmeter (Gyroscopic) 

2. Differential Pressure Flowmeter (Piezoelectric) 

3. Differential Pressure Flowmeter (Venturi) 

4 . Electromagnetic Flowmeter 

5. Laser Doppler Flowmeter 

6. Positive Displacement Flowmeter 

7. Temperature Based Flowmeter 

8 . Temperature Based Flowmeter (Heat Loss) . . . 

9. Turbine Flowmeter 

10. Ultrasonic Flowmeter 

1 1 . Vortex Shedding Flowmeter 


E-l 

E-3 

E-5 

E-7 

E-9 

E-ll 

E-13 

E-15 

E-17 

E-19 

E-21 


List of Figures 


Title 


Page No. 


1. Coriolis Mass Flowmeter 

2. Differential Pressure Flowmeter . 

3 . Venturi Tube 

4. Electromagnetic Flowmeter 

5 . Positive Displacement Flowmeter 

6. Thermocouple Flowmeter 

7. Turbine Flowmeter 

8. Ultrasonic Flowmeter 

9. Vortex Flowmeter 


E-2 

E-4 

E-6 

E-8 

E-12 

E-16 

E-18 

E-20 

E-22 
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Flow Measurement Sensors Reference Summary 


Sensor 

1 . Coriolis Flowmeter (Gyroscopic) 

2. Differential Pressure Flowmeter (Piezoelectric) 

3. Differential Pressure Flowmeter (Venturi) 

4. Electromagnetic Flowmeter 

5 . Laser Doppler Flowmeter 

6. Positive Displacement Flowmeter 

7 . Temperature Based Flowmeter 

8 . Temperature Based Flowmeter (Heat Loss) 

9. Turbine Flowmeter 

10. Ultrasonic Flowmeter 

1 1 . Vortex Shedding Flowmeter 


Reference Nn. 

4, 6, 9 

2, 7 

7 

8 

3 

10 

9 

1,9 

11 

5 

12 


1 . 

2 . 

3. 

4. 

5. 

6 . 

7. 

8 . 

9. 

10 . 
11 . 
12 . 


References 

George C. Barney, "Intelligent Instrumentation", Prentice Hall, 1988 
H. Hencke, "Piwzoresistive Pressure Transducers for Effective Flow Measurements" 
Measurement & Control, Vol. 22, SOct. 1989. 

Alan S. Morris, "Principles of Measurement and Instrumentation", Prentice Hall 1988. 
A, T988 >Ung ’ PH D " Conolls Mass Flow Measurements", Measurement & Control, Sept. 

K. S. Mylvaganam, "Ultrasonic Gas Flowmeters", Measurement & Control, Dec 1989 
Urs Endress, Mass Flow", Measurement & Control, April 1989. 

Differential-Pressure Flowmeters", Measurement & Control, Sept 1988 
Electromagnetic Flowmeters", Measurement & Control, April 1 989 
Mass Flowmeters", Measurement & Control, Sept. 1989. 

"Positive Displacement Flowmeters", Measurement & Control, Oct. 1988 
, 1 “Tome Flowmeters", Measurement & Control, Feb. 1988 
"Vortex Flowmeters", Measurement & Control, June 1989 



Flow Measurement Sensors 


The common classes of flow measuring instruments can be summarized 
follows: 


1 . Differential Pressure Meters 

2. Variable Area Meters 

3 . Positive Displacement Meters 

4. Tubine Flowmeters 

5 . Electromagnetic Flowmeters 

6. Vortex-Shedding Flowmeters 

7. Ultrasonic Flowmeters 

8. Laser Doppler Flowmeters 

9. Coriolis Flowmeters 

10. Temperature Flowmeters 



FLOW MEASUREMENT SENSORS DATABASE 


SENSOR NAME : Coriolis Flowmeter (Gyroscopic) 


SENSOR INFORMATION 


SUBSYSTEM: All 

TECHNOLOGY: 

— 

SENSOR TYPE: FLOW OPERATION: Mass Flowmeter Based on 

METHOD (of Measurement): Mass C ° riolis Force 

ACCURACY: ± 0.20 % 

Operational F.nvimnrr^ffnf 

POWER: — W* 

MIN. RANGE: Olb/min 

TEMP. RANGE: < 300°C 

WEIGHT: — LB* 

MAX. RANGE: 20000 lb/min 

PRESS. RANGE: <2000Psig 

VOLUME: — FT A 3* 


PHASE: Gas/Liquid 

PRESS. LOSS: — p s i* 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


Coriolis mass flowmeters operate according to Newton's Second Law of Motion: F - ma. All of the flow is directed 
through a horseshoe shaped tube vibrated at its natural frequency by an electromagnetic drive system. Its vibration is 
similar to that of a tuning fork, typically having an amplitude of les than 1 mm. The fluid density can be derived from 
this natural frequency. As the fluid moves through the tube it is forced to take on the tube's vertical momentum. During 
half the cycle, when the tube is moving upward, fluid flowing into the meter pushes downward against the tube resisting 
the upward force. Consequendy, fluid flowing out of the meter, having been forced upward, now resists having its 
vertical momemtum decreased and pushes upward against the tube. This combination of resistive forces causes the flow 
sensor tube to twist. TTus is called the "Coriolis Effect". The amount that the sensor tube twists is direcdy proportional to 
the mass flow rate of the fluid flowing through it. 


REFERENCE: 

"Mass Flowmeters", Measurements & Control, Sept 1989. 

Urs Endress, "Mass Row", Measurements & Control,.April 1989. 

Alan Young, Ph.D., "Coriolis Mass Flow Measurements’, Measurements & Control", Sept 1988. 
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FLOW MEASUREMENT SENSORS DATABASE 



Fluid 



Fore# 

2. Fluid forces reacting to 
vibration of flow tube. 



Twist 

Angt* 


3. End view of flow tube 
showing twist 


E. 1 Coriolis Mass Flowmeter 
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FLOW MEASUREMENT SENSORS DATABASE 
SENSOR NAME : Differential Pressure Flowmeter (piezoelectric) 


SENSOR INFORMATION 


SUBSYSTEM: All 

TECHNOLOGY: 

— 


SENSOR TYPE: FLOW 

OPERATION: Piezoelectric Effect 


METHOD (of Measurement): 

Speed 



ACCURACY: ± 0.50 % 

Operational Environment 

POWER: 

-W* 

MIN. RANGE: 

TEMP. RANGE: — 

WEIGHT: 

— LB* 

MAX. RANGE: — 

PRESS. RANGE: — 

VOLUME: 

— FT A 3* 


PHASE: — 

PRESS. LOSS: 

— Psi* 


* Design specific inform alio n, to be determined. 


SENSOR DESCRIPTION: 

TTie piezoelectric flowmeter is the most sensitive type of differential pressure flowmeter. Changes in pressure produce 
different output voltages from the piezoelectric device. An orifice plate produces a differential pressure which can be 
related to flow velocity by a simple equation. Energy loss in the system is not negligible, and many types of orifice plates 
have been designed to reduce pressure loss. 


REFERENCE: 

H. Hencke, "Piezoresistive Pressure Transducers for Effective Flow Measurements”, Measurement + Control, Vol. 22, 
Ocl 1989. 


"Differential-Pressure Flowmeters", Measurements & Control, Sept. 1988. 



FLOW MEASUREMENT SENSORS DATABASE 



E.2 Differential Pressure Flowmeter 
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FLOW MEASUREMENT SENSORS DATABASE 


SENSOR NAME . Differential Pressure Flowmeter (venturi meter) 


SENSOR INFORMATION 


SUBSYSTEM: All 


SENSOR TYPE: FLOW 
METHOD (of Measurement): Speed 


TECHNOLOGY: 


OPERATION: Venturi 


ACCURACY: ± 1.00 % 
MIN. RANGE: — 

MAX. RANGE: — 


TEMP. RANGE: < 540°C 


POWER: 

WEIGHT: 


— W* 
— LB* 


PRESS. RANGE: <6000Psig VOLUME: FT A 3* 

PHASE: — PRESS. LOSS: — p s i* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

A venturi meters utilizes a precisely sized throat to provide desired pressure differential at a soecified flow rat* a 


REFERENCE. 

Differential-Pressure Flowmeters", Measurements & Control, Sept. 1988. 
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FLOW MEASUREMENT SENSORS DATABASE 


SENSOR NAME : Electromagnetic Flowmeter 


SENSOR INFORMATION 


SUBSYSTEM: All 


SENSOR TYPE: FLOW 
METHOD (of Measurement): Speed 


TECHNOLOGY: — 


OPERATION: Faraday Law 


ACCURACY: ± 1.00 % 
MIN. RANGE: 0.01 GPM 


TEMP. RANGE: Independent 


POWER: 

WEIGHT: 


MAX. RANGE: 165000 OPM PRESS. RANGE: Independem VOLUME: 


PHASE: Gas/Liquid 


— W* 


— FT A 3* 


PRESS. LOSS: — p s i* 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

magnetic field is propertied to the velocity movm « a 

generating a voltage proportional to the average velncitv of ,h. i „ passes through the magnetic field 

have a conductivity of at least one micrnmhrwLr ti ^ liquid t ^ rou 8^ 1 *hc meter cross section. Liquids should 
0.01 10 165 000 GPM “ 0,K nucro,nh0 P" n. accuracy i* 0.5% of nuc and the range is wide: frou 


REFERENCE: 

Electromagnetic Flowmeters", Measurements & Control, April 1989. 
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FLOW MEASUREMENT SENSORS DATABASE 





E - IMOUCEO VOLTAGE 
V • AVERAGE LIQUIO VELOCITY 
0 • DISTANCE BETWEEN ELECT ROOES (PIPE I.O.) 
• - MAGNETIC FIELD 


E.4 Eletromagnetic Flowmeter 
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FLOW MEASUREMENT SENSORS DATABASE 
SENSOR NAME : Laser Doppler Flowmeter (LDF) 



SUBSYSTEM: All 


TECHNOLOGY: — 


SENSOR TYPE: FLOW 
METHOD (of Measurement): Speed 

ACCURACY. ± 5.00 % Operational Environment 
MIN. RANGE: - TEMP. RANGE: 120°C 

MAX. RANGE: - PRESS. RANGE: Pipework 

PHASE: Liquid lunitation 


OPERATION: Doppler Shift 


POWER: 
WEIGHT- 
VOLUME: 
PRESS. LOSS: 


-W* 

— LB* 

— FT A 3* 
— Psi* 


SENSOR DESCRIPTION: 


* Design specific information, to be determined 


shift of the shattered light and produces a sienal in a " 1 ° vemcnt of particles causes a Doppler 


REFERENCE: 

Alan S. Moms, Principles of Measurement and Instrumentation, Chapter 16, Prentice Hall. 1988. 
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FLOW MEASUREMENT SENSORS DATABASE 


Sensor Figure Not Included 
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FLOW MEASUREMENT SENSORS DATABASE 


SENSOR NAME : Positive Displacement Flowmeters 


SENSOR INFORMATION 


SUBSYSTEM: All 


SENSOR TYPE: FLOW 
METHOD (of Measurement): Mass 


TECHNOLOGY: — 


OPERATION: Meters a Known Quantity in 
Fixed Time 


ACCURACY: ± 0.50 % 
MIN. RANGE: 0.5 GPM 
MAX. RANGE: 5000 GPM 


TEMP. RANGE: 300°C 
PRESS. RANGE: <1400Psig 
PHASE: Gas/Liquid 


POWER: 

WEIGHT: 

VOLUME: 


— W* 

— LB* 

— FT A 3* 


PRESS. LOSS: — p s i* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

A metering pump is a positive displacement pump that accurately determines the amount of fluid present bv various 

SS-EHE? or m ' rataMS - 


REFERENCE: 

"Positive Displacement Flowmeters", Measurements & Control, Ocl, 1988. 
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FLOW MEASUREMENT SENSORS DATABASE 
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SgSp wffSm 

HH 
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HjQH| 





v. 
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I ' 

l^sU'D^^i 


DISC 


PISTON 



SLI0IM6 VANE 



OVAL 




PISTON 


E.5 Positive Displacement Flowmeter 
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FLOW MEASUREMENT SENSORS DATABASE 


SENSOR NAME : Temperature Based Flowmeter 


SENSOR INFORMATION 


SUBSYSTEM: All 


SENSOR TYPE: FLOW 
METHOD (of Measurement): Mass 


TECHNOLOGY: — 


OPERATION: Temperature Diffence Related 
to Mass 


ACCURACY: ± 2.00 % Operational Environment POWER: — W* 

MIN. RANGE:— TEMP. RANGE: 100°C WEIGHT: —LB* 

MAX. RANGE:- PRESS. RANGE: 2MPa VOLUME: — FT A 3* 

PHASE: — PRESS. LOSS: — p s i* 

* Design specific information, to be detennined. 

SENSOR DESCRIPTION: 

Temperature nse flowmeters are mass flowmeters. By inputting thermal energy into the flow, by wrapped wires or other 

,he «* h«t and 


— w* 


TEMP. RANGE: 100°C 
PRESS. RANGE: 2MPa 
PHASE: — 


— LB* 


REFERENCE: 

"Mass Flowmeters", Measurements & Control, Sept 1989. 
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FLOW MEASUREMENT SENSORS DATABASE 


Sensor Figure Not Included 


E -14 


FLOW MEASUREMENT SENSORS DATABASE 
SENSOR NAME : Temperature Based Flowmeter (Heat Loss) 


SENSOR INFORMATION 


SUBSYSTEM: All 


SENSOR TYPE: FLOW 
METHOD (of Measurement): Speed 


TECHNOLOGY: — 

OPERATION: Heat Transfer Related to the 
Velocity 


ACCURACY: ± 1.00 % 
MIN. RANGE: — 

MAX. RANGE: — 


TEMP. RANGE: 750°C 
PRESS. RANGE: 
PHASE: Gas/Liquid 


POWER: 
WEIGHT: 
VOLUME: 
PRESS. LOSS: 


— W* 

— LB* 

— FT A 3* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

“do** ” > pipe- H«tt lo* 

a function of velocity. The flow measured is affected bv Change m distance then becomes 

characteristics of the fluid. y ^ <Ustnbutlon “ P>I*. Reynolds number, and viscosity 


REFERENCE: 

"Mass Flowmeters", Measurements & Control, Sept. 1989. 

George C. Barney, "Intelligent Instrumentation", Prentice Hall, 1988. 
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FLOW MEASUREMENT SENSORS DATABASE 




FIGURE 2 Flowmeter in which entire stream is 


heated by an internal heat source. 



FIGURE 3 Flowmeter in which only boundary layer 
of flow is heated by an external heat source. 


E.6 Thermocouple Flowmeter 
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FLOW MEASUREMENT SENSORS DATABASE 


SENSOR NAME : Turbine Flowmeter 


SENSOR INFORMATION 


SUBSYSTEM: All 


SENSOR TYPE: FLOW 
METHOD (of Measurement): Speed 


TECHNOLOGY: 


OPERATION: Measures Rotational Speed 
Turbine 


ACCURACY: ± 0.25 % Operational Environment POWER: — W* 

MIN. RANGE: 0.001 GPM TEMP. RANGE: 250 °C WEIGHT: ... LB* 

MAX. RANGE: 50000 GPM PRESS. RANGE: 20MPa VOLUME: ~FT*3* 

PHASE: Gas/Liquid PRESS. LOSS: ... Psi * 

J 

* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

relays a pulsed signal whose^spSicy isrebted loflow may 'be A | magnetic picku P 

the range of 1 % to 3%. Gas flow is almost always corrected may be used for gas or liquids with errors in 

Wide range and pulsed output make turbine metis attractive peralure ind pressure vanaDons after measurement 


— W* 


— LB* 


REFERENCE: 

"Turbine Flowmeters", Measurements & Control, Feb. 1988. 
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FLOW MEASUREMENT SENSORS DATABASE 


« 


•o 



E.7 Turbine Flowmeter 
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FLOW MEASUREMENT SENSORS DATABASE 


SENSOR NAME : Ultrasonic Flowmeter 


SENSOR INFORMATION 


SUBSYSTEM: All 


TECHNOLOGY: — 


SENSOR TYPE: FLOW 
METHOD (of Measurement): Speed 


OPERATION: Measures Transit Time or 
Doppler Shift 


ACCURACY: ± 2.50 % 
MIN. RANGE: — 

MAX. RANGE: — 


Operational Environment 
TEMP. RANGE: 260 °C 

PRESS. RANGE: Pipework 

DU ACC T -J limitation 
PHASE: Liquid 


POWER: 

WEIGHT: 

VOLUME: 


— W* 

— LB* 

— FT A 3* 


PRESS. LOSS: — Psi* 


SENSOR DESCRIPTION: 


* Design specific information, to be determined. 


Orientation of an ultrasonic transmitter/receiver pair allows a difference in upstream and downstream transmission time to 
be related to flow velocity. Another type of ultrasonic flowmeter uses doppler shifts produced by reflective elements in 
the liquid to infer flow velocity. Newer models can measure flowrates from 0.03 m/s to 120 m/s. Ultrasonic flowmeters 
are compact, convenient, nonintrusive, and easy to maintain. They have no moving parts and respond quickly to flow 
changes. 


REFERENCE: 

K. S. Mylvaganam, "Ultrasonic Gas Flowmeters", Measurements &. Control, Dec. 1989. 






FLOW MEASUREMENT SENSORS DATABASE 


SENSOR NAME : Vortex Shedding Flowmeter 


SENSOR INFORMATION 


SUBSYSTEM: All 

TECHNOLOGY: 

— 

SENSOR TYPE: FLOW 

OPERATION: Uses a Bluff Body to Produce 

METHOD (of Measurement): 

Speed Vomces 

ACCURACY: ± LOO % 

Operational Environment 

POWER: — W* 

MIN. RANGE: 1 GPM 

TEMP. RANGE: 400 °C 

WEIGHT: — LB* 

MAX. RANGE: 10000 GPM 

PRESS. RANGE: 1500 Psig 

VOLUME: — FT A 3* 


PHASE: — 

PRESS. LOSS: — p s i* 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


Xjj*? cffecl 11,31 «an when agas or liquid flows around a blunt, tapered 

^ 1 10 of >ts downstream side separates from the surface of the object leaving a highly 

turbulent walce that takes the form of a continuous series of eddies which are swept downstream. The frequency of 

^ ** relat£d 10 flow velocit y ** of the flow element Serofog of die vortex 

is accomplished by measuring velocity, pressure, or thermal fluctuations produced. 


REFERENCE: 

"Vortex Flowmeters", Measurements & Control, June 1989. 
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FLOW MEASUREMENT SENSORS DATABASE 


Flow — ► 





flow body) 


E.9 Vortex Flowmeter 
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Moisture/Humidity Sensors 
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Moisture/Humidity Sensors 


Sensor P a ge NS h 

1. Capacitance Mehtod F’l 

2. Dew-Point Sensor F-3 

3. Electrolytic Hydrometer 

4. Heat-of-Sorption Method F'7 

5. Infrared Instrument F'9 

6. Microwave Instrument F'H 

7. Piezoelectric Method F'13 

8. Psychrometer 

9. Remote Moisture Sensor F‘17 

10. Resistance Method (Conductance) 

11. Coulometric Sensor F-21 


List of Figures 


Title Page Nil 

1. Dew-Point Sensor F‘4 

2. Luft-Type Infrared Gas Analyser for Moisture Detection F-10. 

3. Piezoelectric Meter 

4. Psychrometer Sensor 

5 . Coulometric Sensor ¥-22 
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Moisture/Humidity Sensors Reference Summary 


Sensor 


Reference No. 


1. Capacitance Mehtod 

2. Dew-Point Sensor 

3 . Electrolytic Hydrometer 

4. Heat-of-Sorption Method 

5 . Infrared Instrument 

6. Microwave Instrument 

7 . Piezoelectric Method 

8. Psychrometer 

9. Remote Moisture Sensor 

10. Resistance Method (Conductance) 

1 1 . Coulometric Sensor 


5 

1,3,7 

3.1.6 
5 

1,3 

1,2 

5 

3,5 

3.5.7 
1 


References 

1 . B. E Noltingk, "Jones’ Instrument Technology, 2) Measurement of Temperature and 

Chemical Composition", Butterwonh & Co. Ltd, 1985. 

2. H. A. Slight, Thoughts on Moisture Measurement", Measurement & Control, Vol. 22, 1989. 

3. Harry N. Norton, "Sensor and Analyzer Handbook", Prentice Hall, Inc., 1982. 

4. R. F. Pragnell, The Modem Condensation Dewpoint Hygrometer", Measurement & Control 

Vol. 22, April 1989. 

5. R. H- Perry, D.W. Green, and J. O. Maloney, "Perry's Chemical Engineers' Handbook", 

McGraw-Hill Book Co., 6th Edition, 1984. 

6. "The Temperature Handbook", OMEGA Co., 1989. 

7 . Ernest O. Doebelin, "Measurement Systems Application and Design", McGraw-Hill, 1983. 


Moisture/Humidity Sensors 


Measurement of moisture in gas, liquid or solid is done by one of 
following techniques: 

1. Properties of water (dependent on moisture), i.e., conductivity, 
dew point, dielectric constant, infrared absorption, microwave 
absorption. 

2. Change in properties of a material (due to water content), i.e., 
aluminum oxide, hair hygrometer, wet-dry bulb... 

3. Extraction of water techniques, i.e., electrolytic, gas 
chromatography, Karl Fischer titration... 



MOISTURE/HUMIDITY SENSORS DATABASE 



SUBSYSTEM: C02 Reduction, 02 
Generation, WRM 

SENSOR TYPE: HUMID 


TECHNOLOGY: Bosch, WVE, All in WRM 


OPERATION: Electrical 


ACCURACY: ± 0.10 % Operation al Environmer 

MIN. RANGE: 0% RH TEMP. RANGE: 450 °C 

MAX. RANGE: — %RH PRESS. RANGE: — 

PHASE: Gas 


SENSOR DESCRIPTION: 


POWER: 

WEIGHT: 


— W* 
— LB* 


VOLUME: — FT A 3* 


* Design specific information, to be determined. 


, S h,T^i ^ yzers UUhze hl 8h dielectric constant of water for its detection in solutions. The alternating electric current 
through a capacitor containing all or part of the sample between the capacitor plates is measured. Selectivity and 
sensitivity are enhanced by increasing the concentration of moisture in the cell by filling the capacitor sample cell with a 
moisture specific sorbent as part of the dielectric. This both increases the moisture content and reduces the amount of 
other interfacing sample components. 


REFERENCE: 

6th I Ediiixm ’ 1984^ GreCn ’ ^ * ° Malony ’ " Perry s Engineers' Handbook", McGraw - Hill Book Company, 
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moisture/humidity sensors database 


Sensor Figure Not Included 
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moisture/humidity sensors database 


SENSOR NAME : Dew-point Sensor 


SENSOR INFORMATION 


SUBSYSTEM: C02 Reduction, 02 
Generation, WRM 

SENSOR TYPE: HUMID 


± 2.00 % 


TECHNOLOGY: C02_E, WVE, All in WRM 
OPERATION: Dew point 


ACCURACY: 
MIN. RANGE: 
MAX. RANGE: 


0% RH TEMP. RANGE: -100°C to 
— % RH PRESS. RANGE: + ~- ° C 
PHASE: Gas 


POWER: 0.1 W* 

WEIGHT: 2.0 LB* 

VOLUME: 0.10FT A 3* 


• Design specific information, to be determined. 

SENSOR DESCRIPTION: 

which thc^vapor and solidpK^ ^in^ullibnS ‘ n A cq J iUbrium (the temperature at 

of saturation (water) vapor pressure txiS. Hence. absol^ hi^X^b?tS'ini5 £1 ^ ipemure * onJ y one value 
the total pressure is also known. The determination of the temnerarrL^ ” . d f ternuncd from this temperature as long as 
be readily estimated. The temperature is meaSid by therlSSS^- rooisture condenses on a plane mirror can 
mirror surface and the onset of dew is detected^ re n<SiXS^?S^ "“T?* thermometer just behind the 


REFERENCE: 

Sen f? r “d Analyzer Handbook", Prentice Hall, Inc., 1982. 

Butterwolth & Co°S.^9S mem TeChnology> 2) Measure ment of Temperature and Chemical Composition", 
Ernest O. Doebelin, "Measurement Systems Application and Design", McGraw-Hill, 1983. 
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MOISTURE/HUMIDITY SENSORS DATABASE 



F.l Dew Point Sensor 


F- 




MOlSTVREIHUMIDm SENSORS DATABASE 


SENSOR NAME : Electrolytic Hydrometer 


SENSOR INFORMATION 


SUBSYSTEM: 002 Reduction, 02 
Generation, WRM 

SENSOR TYPE: HUMID 


TECHNOLOGY: Bosch, WVE, All in WRM 


OPERATION: Electrochemical 


ACCURACY: ± 3.00 % Operational Environment POWER: 9.0 W* 

MIN. RANGE: 0% RH TEMP. RANGE: -20°C to 90°C WEIGHT: 7.0 LB* 

MAX. RANGE: 98.00 % RH PRESS. RANGE: - VOLUME: 2.50 FT A 3* 

PHASE: Gas 


• Design specific information, to be determined. 

SENSOR DESCRIPTION: 

fas, and acc™, is no™,,, ^oustio*. JSJ hUm,d,,> - ReSP °"“ “ 


REFERENCE: 

Hany N. Norton, Sensor and Analyzer Handbook", Prentice Hall Inc., 1982. 

An O^atJiILa 0 ^^ Condensation Dewpoint Hygrometer", Measurement + Control, Vol. 22, April, 1989 
An OMEGA Technology Company, The Temperature Handbook", 1989. ^ 
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MOISTURE/HUMIDITY SENSORS DATABASE 


Sensor Figure Not Included 
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moisture/humidity sensors database 


SENSOR NAME : Heat-of-Sorption Method 


SENSOR INFORMATION 


SUBSYSTEM: C02 Reduction, 02 
Generation, WRM 

SENSOR TYPE: HUMID 


TECHNOLOGY: Bosch, WVE, All in WRM 
OPERATION: Absorption 


ACCURACY: ± 
MIN. RANGE: 
MAX. RANGE: 


0% RH TEMP. RANGE: 
— % RH PRESS. RANGE: 
PHASE: Gas 


POWER: 

WEIGHT: 

VOLUME: 


— W* 

— LB* 

... FT A 3* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

This analyzer detects moisture in vapors by measuring the heat of sorption of water onto a desiccant Two cells 
contammg desiccant and thermistors in a constant temperature zoneare used. ‘nTaS^ SSTLrtof tteLmle 
stream. The (fried sample and the process sample are directed alternately through the tw^cells where one cell dries the 
wet stream and the wet cell is dried by the dry stream on a 1 to 2 minute cycle. TTteceU SSgdSdS Stod 

or JL n* tt'SSSL 


REFERENCE. 

6 th EtS,’ 1984^ GreCn ' 311(1 J ‘ °* Mal0ney> " Perry s Chemical Engineers* Handbook", McGraw - Hill Book Company, 
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moisture/humidity sensors database 


Sensor Figure Not Included 
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MOISTURE/HVMIDITY SENSORS DATABASE 


SENSOR NAME : Infrared Instrument (IR) 


SENSOR INFORMATION 


SUBSYSTEM: C02 Reduction, 02 
Generation, WRM 

SENSOR TYPE: HUMID 


TECHNOLOGY: Bosch, WVE, All in WRM 
OPERATION: Spectroscopic 


ACCURACY: ± 
MIN. RANGE: 
MAX. RANGE: 


0% RH TEMP. RANGE: — 
— % RH PRESS. RANGE: — 
PHASE: Gas/Liquid 


POWER: 

WEIGHT: 

VOLUME: 


— W* 

— LB* 

— FT A 3* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

Infrared instruments are spectroscopic in nature. Operation is based on the partial and selective absorbtion of radiation 
cont f nt ’ at a wavelength. The IR absorption at a specific wavelength (charateristic of H20) is 

^ mP * V ° UmC ° f f* measured fluid md for « volume of a reference fluid with faSwS nSLurerontent 
Md die two readings are compared. Another system looks at two specific wavelength fluids and compares the attenuation 
(m IR energy incident on a photodetector) at the two "dips’ in the spectral curve, only one of w^ST^riS? 
change due to absorption. The "dip" at the other wavelength is usedas a referent significant 


REFERENCE: 

Harry N. Norton, "Sensor and Analyzer Handbook", Prentice Hall Inc., 1982. 

LL^oX'ci°Ltd I "985 ment Technology 2) Measuremem of Temperature and Chemical Composition", 
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moisture/humidity sensors database 


I.R. sourer 


Reflector 




Rotating 



Detector 


F.2 Luft-Type Infrared Gas Analyser for Moisture Detection 
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moisture/humidity sensors database 


SENSOR NAME : Microwave Instrument 


SUBSYSTEM: C02 Reduction, 02 
Generation, WRM 


SENSOR TYPE: HUMID 

ACCURACY: ± 0.60 % 
MIN. RANGE: 0% RH 

MAX. RANGE: ~ % RH 


SENSO R IN FORMATION 

TECHNOLOGY: Bosch, WVE, All in WRM 
OPERATION: Spectroscopic 


Operational FnYirnnrnrnt 
TEMP. RANGE: — 
PRESS. RANGE: — 
PHASE: Liquid 


POWER: — W* 

WEIGHT: — LB* 

VOLUME: — FT A 3* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

.Woon in 1* microwave 

(of constant frequency and dow« ouZ?£^SThm t m,cr ° wave moisture system consists basically of an oscillator 
capable of dSi^LTcC oTl % SsZ "* a «»* *• In-line' systems axe 

technique also appuTwsS a “** ofabout ± 0.3% moisture. This 


REFERENCE: 

BiinmS 1 & , Cb 0 lSi, I r^? ment TeChn ° logy 2) Measurement of Temperature and Chemical Composition". 
H. A. Slight, "Thoughts on Moisture Measurement", Measurement + Control, VoL 22, 1989. 



moisture/humidity sensors database 


Sensor Figure Not Included 



moisture/humidity sensors database 


SENSOR NAME : Piezoelectric Method 


SENSOR INFORMATION 


SUBSYSTEM: C02 Reduction, 02 
Generation, WRM 

SENSOR TYPE: HUMID 


TECHNOLOGY: Bosch, WVE, All in WRM 
OPERATION: Piezoelectric method 


ACCURACY: ± 
MIN. RANGE: 
MAX. RANGE: 


0% RH TEMP. RANGE: 
~ % RH PRESS. RANGE: 
PHASE: Gas 


POWER: 

WEIGHT: 

VOLUME: 


— W* 

— LB* 

— FT A 3* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 


REFERENCE: 

6th 1 EtS’ 1984^ GreCn ’ ^ 1 ° • Mal0ney • Terry ’ S ChemicaI En * incers ' Handbook", McGraw - Hill Book Company. 
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moisture/humidity sensors database 





moisture/humidity sensors database 



SUBSYSTEM: C02 Reduction, 02 
Generation, WRM 

SENSOR TYPE: HUMID 


TECHNOLOGY: C02_E, WVE, All in WRM 
OPERATION: Wet - Dry tube 


ACCURACY: ± 2.00 % Operational E nvironment 

MIN. RANGE: 0% RH TEMP. RANGE: 0°C to 60°C 

MAX. RANGE: 100.00 % RH PRESS. RANGE: — 

PHASE: Gas 


POWER: 0.1 W* 

WEIGHT: 2.0 LB* 

VOLUME: 0.10FT A 3* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

2“ ta " i,1Uy by^-^anddrybulb- meUmd) am 

can be determined. One element (the ’dty bulb") meaaurea aSe^raSlSZ!?ih^i!ll? W| V C J' l J la,ive bmidky 

C«">oialdm™thendetSS ! d K two 
.Ith accnme^gt S^^^ d^hromemc chart). Una method ia moat uaefol a, high teladve homidid K 


REFERENCE: 

LSl' i D 98^' Gr “"’ a " d '• 0 baloney, ’Fenya Chemical Engmeeta' Handbook’. McGmw . Hill Book Company, 
Harry N. Norton, "Sensor and Analyzer Handbook", Prentice Hall, Inc., 1982. 
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moistureihumidity sensors database 



F.4 Psychromtric Sensor 
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moisture/humidity sensors database 


SENSOR NAME : Remote Moisture Sensor 


SUBSYSTEM: C02 Reduction, 02 
Generation, WRM 

SENSOR TYPE: HUMID 


ACCURACY: ± ... % 


SENSOR IN FORMATION 

TECHNOLOGY: C02_E, WVE, All in WRM 


OPERATION: Electromagnetic or 
Spectroscopic 


Operational Environment POWER: — w* 

MIN. RANGE: 0% RH TEMP. RANGE: 20°F to 140°F WEIGHT: - LB* 

MAX. RANGE: — % RH PRESS. RANGE: — 


PHASE: Gas 


SENSOR DESCRIPTION: 


VOLUME: ... FT A 3* 


• Design specific tnformsiion, to be determined 


REFERENCE: 
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MOISTURE/HUMIDITY SENSORS DATABASE 


Sensor Figure Not Included 
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MOISTURE! HUMIDITY SENSORS DATABASE 


SENSOR NAME : Resistance Method (Conductance) 


SENSOR INFORMATION 


SUBSYSTEM: C02 Reduction, 02 
Generation, WRM 

SENSOR TYPE: HUMID 


TECHNOLOGY: Bosch, WVE, All in WRM 


OPERATION: Electrical Resistance 


— W* 

~ LB* 

— FT A 3* 


ACCURACY: ± 4.00 % Operational Environment POWER: — W* 

MIN. RANGE: 0% RH TEMP. RANGE: — WEIGHT: -LB* 

MAX. RANGE: — % RH PRESS. RANGE: — VOLUME: — FT A 3* 

PHASE: Gas 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

arc’avaiLblc !* etectrical Conductivity of a A number of resistive type sensors 

are available. The first successful resistive hygrometer used a hygroscopic film consisting of a 2 to 5% aoueous solution 

ofUlh " 11 ? c ^“ le "» so to d* change in JL 5a* fin, 

easured. The sensors normally depend on the changes in resistance of surfaces exposed to the atmosohere the 

S5'SiSSg by * ‘"° W * radi '™ so *as ihe elocnic conen. flow ihroogh Che inface 


REFERENCE: 

Editio^mf W ’ GreCn ’ L °‘ Maloncy ’ ” Perrys Chemical Engineers* Handbook", McGraw - Hill Book Company, 6th 

Harry N. Norton, "Sensor and Analyzer Handbook", Prentice Hall, Inc., 1984. 

Ernest O. Doebelin, "Measurement Systems Application and Design". McGraw-Hill, 1983. 
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moisture/humidity sensors database 


Sensor Figure Not Included 


moisture/humidity sensors database 


SENSOR NAME : Coulometric Sensor 


SUBSYSTEM: 

’ w wa.x Xlli V/l\iTin 1 ivll 

TECHNOLOGY: 


SENSOR TYPE: HUMID 

OPERATION: Absorption 


ACCURACY: ± — % 
MIN. RANGE: 0% RH 

MAX. RANGE: — % RH 

Operational Environment POWER: 

TEMP. RANGE: — WEIGHT: 

PRESS. RANGE: — VOLUME: 

PHASE: Gas 

— W* 

— LB* 

— FT A 3* 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

Lh°S V ’“**!*' ” «** ■>* moiaw. * abaort* 

applied acrosa^Sb^JS^j^ A dx. voltage is 

J^sssbsk'* of ' “ * -ss^sse. &s,ssz* 

■nie maximum moisture concentration measurable by this technique is in the ranee of 1000 »n innn k . 

be taken to ensure surges of moisture level do not wash of the P205. 8 of 1000 to 3000 vppm, but care must 


REFERENCE: 

B. N. Noltingk, Jones' Instrument Technology, 2 ) Measurement of Temperature and Chemical 
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Appendix G 
Pressure Sensors 
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Pressure Sensors Reference Summary 


Sensor 


Page No, 


1 . Capacitive Pressure Transducers 

2. Fiber Opic Pressure Sensor 

3. Inductive Pressure Transducer 

4. Piezoelectric Pressure Transducer 

5. Potentiometric Pressure Transducer 

6. Reluctive Pressure Transducer 

7. Resistive Pressure Transducer 

8. Servo-type Pressure Transducer 

9. Strain Gage Pressure Transducer 

10. Vibrationg Element Pressure Transducer 

11. Electro-Optic Pressure Transducer 

12. Piezoresistive Pressure Transducer 
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Pressure Sensors 


Process pressure measuring devices may be divided into four groups: 

1 . Those which are based on the measurement of the height of 
a liquid column. 

2. Those which are based on the measurement of the 
distortion of an elastic pressure chamber. 

3. Electrical Sensing Devices. 

4. Optic Pressure Sensor. 


PRESSURE SENSORS DATABASE 


SENSOR NAME : Capacitive Pressure Transducer 


SENSOR INFORMATION 

SUBSYSTEM: All 

TECHNOLOGY: All 


SENSOR TYPE: PRESS 

OPERATION; Diaphragm 


ACCURACY: ± 0.20 % 
MIN. RANGE: 0 Psi 

MAX. RANGE: lOOOOPsi 

Operational Environment POWER; 

TEMP. RANGE: -50°C to 500°C WEIGHT: 
PRESS. RANGE: — VOLUME: 

— W* 

— LB* 

— FT A 3* 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

A capacitive pressure sensor is a variable capacitor, one plate of which consists of a diaphragm. Capacitive transduction 
is utilized in either of the foUowing designs: 1) Single Staton pressure is applied to a diaphragm which moves in 
relation to a stationary electrode (stator); 2) Dual Staton pressure is applied to a diaphragm supported between two 
stationary electrodes. Electronic techniques are used to measure the deflection of a diaphragm and infer the pressure 
variation. 


REFERENCE: 

Harry N. Norton, "Sensor and Analyzer Handbook", Prentice Hall, Inc., 1982. 

B. N. Noltingk, "Jones' Instrument Technology, 2) Measurement of Temperature and Chemical Composition", 
Butterworth & Co. Ltd, 1985. 

Donald G. Fink & Donald Christiansen, "Electronics Engineers’ Handbook, 3rd Edition", McGraw-Hill, 1989. 
Ernest O. Doebelin, "Measurement Systems Application and Design", McGraw-Hill. 1983. 
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PRESSURE SENSORS DATABASE 


SENSOR NAME : Fiber Optic Pressure Sensor 


SENSOR INFORMATION 


SUBSYSTEM: WRM 


SENSOR TYPE: PRESS 


TECHNOLOGY: All 


OPERATION: Fiber Optic & Fluorescence 
Decay 


ACCURACY. ± 0.50 % Operational Environrr^ pf 
MIN. RANGE: 0 Psi TEMP. RANGE: — 

MAX. RANGE: 6000 Psi PRESS. RANGE: 


POWER: — W* 

WEIGHT: — LB* 

VOLUME: — FT A 3* 

* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

•«®5SE3SS2a5^ -*-<**-«>*. fiber is placed 

fiber wdl have va^SS^ ^ m0V “ 

dependent fluorescence emitted into the fiber The uonffi^ ^ c<ectl0n schemes can then be used to detect the pressure 
aonciee for *v«l reason, eg., opdeal aimplich,. low 0pdC S “ OT “ 


REFERENCE: 

Sensor and Actuators,’ Vo[° 9^327^332! Flber PrCSSUrC Sensor “ SUicon Based on Fluorescence Decay", 

Donald G. Fink & Donald Christiansen, ’"Electronics Engineers' Handbook. 3id Edition", McGraw-Hill. 1989. 







PRESSURE SENSORS DATABASE 


SENSOR NAME : Inductive Pressure Transducer 


SENSOR INFORMATION 


SUBSYSTEM: All 


SENSOR TYPE: PRESS 


TECHNOLOGY: All 


OPERATION: Diaphra gm 


ACCURACY. ± o.20 % Operational Envim nrnrnr 
MIN. RANGE: 0 Psi TEMP. RANGE: -- 

MAX. RANGE: 145000 Psi PRESS. RANGE: — 


POWER: 


— W* 


w * oi KAJNOt: — WEIGHT- 1 R* 

MAX. RANGE: USOOOPsi PRESS. RANGE: - VOLUME: FT'S* 

” Design specific information, to be determined. 

SENSOR DESCRIPTION: 

by ac cunen. 1 RF “Miragni and a coil 

second (reference) coil is often included in the same housine which ^ < ^ aptHa S n P”* 1 * 10 * self-inductance changes. A 
provides compensation for temperau^changes g ’ ° h Kmuns unaffected by pressure variations and 


REFERENCE: 

Hairy N. Norton, "Sensor and Analyzer Handbook" Prentice Hall inc iq»-> 

D °” ,d °' F,nll4D ^ d Ct — “• Ediboo'. McGraw-Hill, ,9*9. 
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PRESSURE SENSORS DATABASE 


Evacuation (pinch-off) tube 



G.3 Inductive Pressure Transducer 
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PRESSURE SENSORS DATABASE 


SENSOR NAME : Piezoelectric Pressure Transducer 


SENSOR INFORMATION 


SUBSYSTEM: All 

TECHNOLOGY: All 


SENSOR TYPE: PRESS 

OPERATION: Piezoelectric effect 


ACCURACY: ±0.10 % 
MIN. RANGE: 0 Psi 

MAX. RANGE: 21756Psi 

Operational Environm^ 
TEMP. RANGE: 350°C 
PRESS. RANGE: — 

POWER: 

WEIGHT: 

VOLUME: 

- W* 

— LB* 

— FT A 3* 


• Design specific information, to be determined. 


SENSOR DESCRIPTION: 


CC ? m typCS °[ crystals a P° S1UVC « negative electrostatic charge forms on the surfaces. The 
namforn^onof mechanical stress on the crystal into electrical energy is referred to as the "piezoelectric effect" 
Piezoelectric pressure transducers generate a potential difference proportional to a pressure generated stress These kinds 
of pressure transducer elements are classified as "active elements" LeVtiiey generareTS^ 
mechamca! suess on the diaphragm with no need for an external source ofpSwer. Because? £e SlKCh 

oS^plSS^S^r 061601 " 0 CFyStalS 31 toW fr6quenCy ’ these transduccrs « usually not suitable fJ measurement 


REFERENCE: 

6th^Ettition Green ’ 811(1 J ' °‘ MaJoney> ” Perry s Chemical Engineers' Handbook", McGraw - HiU Book Company, 

PCB Piezotronics, Inc., "Piezoelectric Pressure Transducers", Measurement & Control, October 1988. 

Donald G. Fink & Donald Christiansen, "Electronics Engineers’ Handbook, 3rd Edition”, McGraw-Hill, 1989. 



PRESSURE SENSORS DATABASE 



Electrical 

connector 


Integrated circuit 
amplifier (optional) 

Housing 

Preload sleeve 
Seal ring 

Acceleration compensating 
quartz plate and mass 

Quartz sensing element 
Flush smooth diaphragm 


G.4 Piezoelectric Pressure Transducer 



PRESSURE SENSORS DATABASE 


SENSOR NAME : Potentiometric Pressure Transducer 


SENSOR INFORMATION 

SUBSYSTEM: All 

TECHNOLOGY: AH 


SENSOR TYPE: PRESS 

OPERATION: Diaphragm 


ACCURACY: ± 2.00 % 
MIN. RANGE: 0 Psi 

MAX. RANGE: lOOOOPsi 

Operational EimiBIimgm 
TEMP. RANGE: — 
PRESS. RANGE: — 

POWER: 

WEIGHT: 

VOLUME: 

— W* 

— LB* 

— FT A 3* 


* Design specific information, to be determined. 


SENSOR DESCRIPTION: 


A jxjtcmiometnc pressure transducer uses single or multiple capsules for relati vely | ow pressure ranees and Rmirdnn 
ubes for high pressure ranges. A variation in pressure will cause a wiper arm to the Bourdon mhe w did*. « 

an exposed smp on a resonance element changing the „*« vohagc ”‘ b ' " ma 


REFERENCE: 

Hamy N. Norton, "Sensor and Analyzer Handbook", Prentice Hall, Inc., 1982 

Donald G. Fink & Donald Christiansen, "Electronics Engineers' Handbook, 3nl Edition", McGraw-Hill, 1989. 
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PRESSURE SENSORS DATABASE 



SUBSYSTEM: WRM 


SENSOR TYPE: PRESS 


TECHNOLOGY: All 


OPERATION: Electromagnetics 


ACCURACY: ± 0.20 % Operational Environ™**^ POWER: ... w* 

MIN. RANGE: 0 Psi TEMP. RANGE: _ WEIGHT- -LB* 

MAX. RANGE: 5000 Psi PRESS. RANGE: - VOLUME: - FT*3* 

• Design specific mfotmsuoiL^rbTdetmmJ^df 

SENSOR DESCRIPTION: 

This sensor uses a change in reluctance caused by diaphragm deflection when _k • , 

bndge rclucuvc pressure transducers use a magn£caTS£K m Inductance 

increase the inductance of one coil while decnLinoTh* SSl. member (such as a diaphragm or Bourdon tube) to 
bridge circuit so that the increaTa^ d«^ £?*. ^ « «»necred in a 

voltage. The twisted Bourdon tube sensing element is no*H r nr n ar ? a< ^ ltlvc 1,1 resulting bridge output 

and coil assembly designed for d,“ ST ?. ” “” d f " 5~“ toween 0 and 350 kFa. Tire iLaiire 

Bomdon lobes have beo. nsed for pressure nmg^S^S^Ts bS^aiT and U-shaped 

used for pressure ranges widi upper llmiis of atom 3.5 K ^ omit of 1.5 MPa, and single or muluple capsules are 


REFERENCE: 

Aiulyzcr Handbook", Prentice Hall, Inc., 1982 

Donald G. Fink & Donald Christiansen, "Electronics Engineers' Handbook* L Edition", McGraw-Hill, 1989. 
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PRESSURE SENSORS DATABASE 




G.6 Reluctive Pressure Transducer 
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PRESSURE SENSORS DATABASE 



SUBSYSTEM: WRM 


SENSOR TYPE: PRESS 


TECHNOLOGY: All 


OPERATION: Electrical Resistance Change 


ACCURACY: ±0.10 % Operational Fnvi T 
MIN. RANGE: 0 Psi TEMP. RANGE: ~ 

MAX. RANGE: 20000Psi PRESS. RANGE: - 


SENSOR DESCRIPTION: 


POWER: ... W* 

WEIGHT: — LB* 

VOLUME: ... FT A 3* 

* Design specific information, to be determined. 


mammls a. 

Carbon Jdeioes , dec^SS S? — *' jM P hra « m <* somming member, 

sensors, however, is manganin a copper allov hCnMnin f 0nly ^ l f n ^ tflal 18 used m commercially available 
pressures up to about 1400 MPa. ° PP ^ * M * n * anm ^ gCS probab,y *** mosl suitable sensors for very high 


REFERENCE: 

Hany N.Norwn, "Sensor and Analyzer Handbook”, Prentice Hall, Inc., 1982. 
an a. Moms, Principles of Measurement and Instrumentation", Prentice Hall, 1988. 
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PRESSURE SENSORS DATABASE 


SENSOR NAME : Servo-Type Pressure Transducer 


SENSOR INFORMATION 


SUBSYSTEM: WRM 


SENSOR TYPE: PRESS 


TECHNOLOGY: All 


OPERATION: Servo Type 


ACCURACY. ± 0.20 % Operational Envimgm ffn r 
MIN. RANGE: 0 Psi TEMP. RANGE: — 

MAX. RANGE: 30Psi PRESS. RANGE: 


POWER: 


... W* 


lEJvir. kainuE: — WEIGHT: -- LB* 

MAX. RANGE: 30P S i PRESS. RANGE: _ VOLUME: ... FT A 3* 

Design specific inform stion, to be determined. 

SENSOR DESCRIPTION: 

transduced types but pro^^^SaDSracy 0 ^ 1 ^ s !! CSignS ** gCnerally "K™ complex than other 

bellows) which deflects in reapS^ consi * of 8 dement (capsule or 
displacement and produces which **** beginning of 

that drives the system to a new position. P hich amplifies the signal to a servo motor or other device 


REFERENCE: 

HanyN Norton, "Sensor and Analyxer Handbook", Prentice Hall inc 19 s? 

D^aJd G * >ren, * cc Hall, 1988. 

Donald G. Fmk & Donald Chnstiansen, "Electronics Engineers' Handbook. 3 rd Edition", McGraw-Hill, 1989. 
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PRESSURE SENSORS DATABASE 



(a): Null balance pressure transducer 


OUTPUT 

DEVICE 



/sensing 

COL 


OUTPUT 

DEVICE 


(b): Force balance pressure transducer 



Eout 

► 

SERES 

RESISTOR 


(c). Force balance pressure transducer 


G.8 Servo Type Pressure Transducer 
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PRESSURE SENSORS DATABASE 


SENSOR NAME : Strain Gage Pressure Transduce 


SENSOR INFORMATION 


SUBSYSTEM: WRM 


SENSOR TYPE: PRESS 


TECHNOLOGY: All 


OPERATION: Electrical Resistance Change 


ACCURACY. ±1.00 % Operational Environment 
MIN. RANGE: 0 Psi TEMP. RANGE: -20°C to 80°C 

MAX. RANGE: 50000Psi PRESS. RANGE: — 


POWER: 

WEIGHT: 

VOLUME: 


— W* 

— LB* 

— FT A 3* 


* Design specific information, to be determined. 

SENSOR DESCRIPTION: 

Both of these din^Snal its diameter is decreased, 
transducers convert a pressure change into a change in recictaiv^H^ resistance of the conductor. Strain gage 
of electrical resistance ht^ri^Ihen^iechaniSlfl ctefoSS ufh Stnm ' “ SUaUy “ 8 Whcatstonc bndge^ Change 
^Uthographic techniques allow the production of ^ strain gages, 

diffused semiconductor gages CdiffuMd dirertiv imr. o -»■ “t* 1 ** 5 * " s'™ 11 #s u.75 mm diameter. Integrally 
variety of pressure ranges between 25 KPa and 200 MPa. " ve * ,een developed and produced for a wide 


REFERENCE: 
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PRESSURE SENSORS DATABASE 



Thin- film 


mechanical and strain gage Electrical feed- 

thermal isolation (typ.) through* (ceramic fused) 



G.9 Strain Gauge Absolute Pressure Transducer 
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PRESSURE SENSORS DATABASE 


SENSOR NAME : Vibrating Element Pressure Traducer 



pressure 


modulated output (frequency deviation frorrA centeH*™, ^f° 5”^“^ a fre< l uenc y output or frequency - 
Such devices «e highly accuse, aedifey^ ^cc 


REFERENCE: 

rS ny t^ N ^ t ? n L^ "Sensor and Analyzer Handbook", Prentice Hall, Inc 1984 

aS? 1?°"^ °™* iansen - "Electronics Engineers' Handbook, 3rd Edition". McGraw-Hill 1989 

.Moms, Principles of Measurement and Instrumentation", Prentice Hall 1988. 
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PRESSURE SENSORS DATABASE 



G. 10 Vibration Wire Pressure Transducer 
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PRESSURE SENSORS DATABASE 



SUBSYSTEM: All 


SENSOR TYPE: PRESS 


TECHNOLOGY: All 


OPERATION: Bourdon Tubes & Diaphragm 


ACCURACY: ±0.10 % Operational Fnvi 
MIN. RANGE: 5 Psi TEMP. RANGE: - 

MAX. RANGE: 60000Psi PRESS. RANGE: - 


SENSOR DESCRIPTION: 


POWER: 


— W* 


WEIGHT: — LB* 

VOLUME: — FT A 3* 

* Design specific information, to be determined. 


which a, opdcalni«aiod of 

m^sae dispiscenSl S’ “■ «• u> opttaliy 

same chip and thus are eoualiv hv rpmwran»» u reference and measurement photodiodes are on the 

linearity. An automatic-zero feature in the analog/digi^l 


REFERENCE: 

F^c? » i f ples of Meas urement and Instrumentation", Prentice Hall, 1988. 
est 0. Doebehn, Measurement Systems Application and Design", McGraw-Hill, 1983. 
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PRESSURE SENSORS DATABASE 



G. 1 1 (Intelligent) Electro-Optic Pressure Transducer 
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PRESSURE SENSORS DATABASE 


SENSOR NAME : Piezoresistive Pressure Transducer 


SENSOR INFORMATION 


SUBSYSTEM: WRM 


SENSOR TYPE: PRESS 


TECHNOLOGY: All 


OPERATION: Semiconductor Diaphragm 


ACCURACY: ± — % Operational Fnvirr 

MIN. RANGE: 0 Psi TEMP. RANGE: — 

MAX. RANGE: 50000Psi PRESS. RANGE: — 


SENSOR DESCRIPTION: 


POWER: 


— W* 


WEIGHT: — LB* 

VOLUME: — FT A 3* 

Design specific 


diaphragm. Thus. wessureslm 5 resis ‘^f *? caused b y applied strain of the 

differences and advantages. The high sensitivity or mUCh gages ’ but with several important 

« diirJS ini , '» 5“ ‘W^soamgagS 

into the silicon force sensing member The -JE ^ dlfi,scd resistors are thus integrated 
surface of a thin circular silfcoTS^ragm *"*■! P^sistors buried in *T 

the diaphragm and also in the buriedrSSors The resistor 10 bcn f ulducin * a stre ss or strain in 

undergo. Hence, a change in pressllr e <* *■*" **y 


REFERENCE: 

" Me f Urement S y $terns Application and Design". McGraw-Hill 1983 
hd Prc “ ure ' Strain - “d Force Handbook". Vol. 27. Copyright 1989 

Pressure Transducer Handbook". National Semiconductor Corp., Santa Clara, CA. 1977 
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PRESSURE SENSORS DATABASE 




Measuring cell 



Steel 

diaphragm 
Gold wire 

Measuring 
cell 

Pressure 
box 

Glass feed-through 


E 


Current excitation 

The pressure transducers are excited by 
constant current. The voltage rise due to 
the increase in resistance with temperature 
compensates for the decrease of the gage 
factor with temperature. The graph shows 
the typical relative changes of the 
resistance R, the gage factor G and the 
output voltage U out in function of tempera- 
ture. 


a} 


AR 

R 


AG 

b) -Q- = 


C) 


AU 


out 


out 


out with constant voltage excitation 

U . 
out 

with constant current excitation 


•/. * 



G.12 Piezoresistive (Semiconductor Strain Gage) Pressure Transducer 
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Temperature Sensors Reference Summary 


Sensor 


Page No. 


1. Bimetallic Thermometer 

2 . Pressure Thermometer 

3. Quartz Thermometer 

4. Resistance Thermometer 

5. Thermistor 

6. Thermocouple 

7. Thermopile 

8 . Radiation Pyrometer 

9. Fiber Optic Thermometer 
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4 . Construction of Resistance Thermometers 

5 . Semiconductor Temperature Sensor (Thermistor) 

6. BasicThermocouple Wiring Diagram 

7 . Basic Thermopile Wiring Diagram 

8. Typical Pyrometer Diagrams 

9 . Fiber Optic Methods for Measuring Temperature 
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Temperature Sensors Reference Summary 


1 . Bimetallic Thermometer 

2 . Pressure Thermometer ] 

3 . Quartz Thermometer 

4. Resistance Thermometer 

5 . Thermistor 

6. Thermocouple 

7 . Thermopile 

8 . Radiation Pyrometer 

9. Fiber Optic Thermometer 


1,2,3 

1,2 

1.4 
1,2,3 

1.2.3. 4 
1, 2,3,4 
1,2 

1, 2,5,6, 7 
8,9,10 


ncierenrps 


1 . 

2 . 

3.’ 


Alan S •Morris, "Principles of Measurement and Instrumentation" Prentice Hall ioes 

m ' i M “ surcmcnt Systems Application and Design”, MeGrawlbH 8 1983 
^op^SAm Tempcramrc Measurement Handbook and^ticTcto^ Vol 27! 

^G?a^MIl & 198 0 9 na ' d Chris,iansen ’ "Ernies Engineers’ Handbook, 3td Edition", 

R I N A»h n "T^" SOr “ d w nalyzer Handbook", Prentice Hail, Inc., 1982 
United^Um'Ts? MeaSuro " :n, * Contro1 ''- Peregrinus Ltd., London, 

B ' ComF^don' ; ! n ButteTOonh^Ct^1^^i : 985 rement ° f Tem <* ra “* and Chemical 
r ^ *«» Challenge dte 

I0 • FibCT s '" SOT 
°' K ' vSJfS S ,, Tai ' T Sauada ' M.Nunoshita, "Fiber Optical Heterodyne Interometer for 

April “82 SUrem ' n,S m Bi0l0gical Syslems ’" 'EEE J °™al of Quantum Hecmrtcs. 


4. 

5. 

6 . 

7. 

8 . 
9. 



Temperature Sensors 


Instruments for measuring temperature can be divided into five separate 
classes according to the physical principle on which they operate. These principle 
are: 


1 . Thermal Expansion 

2. Thermoelectric Effect 

3 . Resistance Change 

4 . Resonant Frequency 

5 . Radiative Heat Emission 


TEMPERATURE SENSORS DATABASE 



SUBSYSTEM: All 


SENSOR TYPE: TEMP 


ACCURACY: ± 0.50 % 
MIN. RANGE: -75 °C 

MAX. RANGE: 1500 °C 


SENSOR DESCRIPTION: 


TECHNOLOGY: All 

I 

OPERATION: Thermal Expansion 

Operational Environment POWER: 0.00 W* 

TEMP. RANGE: -75 to 1500 °C WEIGHT: 0.00 LB* 

PRESS. RANGE: — VOLUME: 0.00 FT A 3* 

m Dwign specific information, to be determined. 


fact that ifSLo strips of differed? CO " nect,on w,th . , ‘ s in thermostats. It is based on the 
the bonded strip, if unrestrained SStnSl ; y > ’’'T * differential expansion and 

cases is determLd S^lauoisWp ^ tadlUS ° f Curvature < r > for mo « P^ticle 


1 2t/[3(da-3b)(Tl-T2)] 


where: t = total bonded strip thickness, (.0005<t<.125. practicle) 
da & db = thermal-expansion coefficients, (strips a & b) 
T2-T1 = change in temperature 


.-saesssssst- *— . 


REFERENCE: 

rw^Li^^!P ,CS ° f Measurement and Instrumentation", Prentice Hall, 1988. 

"Th! ov^rA*^"’ 1 Mc ?? uremcnt Systems Application and Design". McGraw-HUl, 1983. 

Ihe OMEGA complete Temperature Measurement Handbook and Encyclopedia". Vol. 27 Copyright 1989 
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TEMPERATURE SENSORS DATABASE 



SUBSYSTEM: All 
SENSOR TYPE: TEMP 

ACCURACY: ± 0.50 % 
MIN. RANGE: -250 °C 

MAX. RANGE: 2000 °C 


SENSOR DESCRIPTION: 


TECHNOLOGY: All 
OPERATION: Thermal Expansion 

Operational Environment POWER: 0.00 W* 

TEMP. RANGE: -250 to 2000 °C WEIGHT: 0.00 LB* 

PRESS. RANGE: — VOLUME: 0.00 FT A 3* 

* specific mformtiioTL to be determined. 


“ PrCSSUre ° fa hqaid ' ^"^constrained inside a bulb of fixed 
temperature changes. Pressure thermometers consist of a sensitive bulb, an interconnecting caoillarv tube 
and a pressure-measuring device such as a Bordon tube, bellows, or diaphragm. When the sSSh^nSSvfflS * 

a h iq, f H fnerC ^7 3,1(1 XyIene *** common ) “"d" 8,1 initial pressure, the compressibility of the liquid** often smaU 
“It e *° ** PrcSSUre ^ C ; AV/A P* ** measurement is essentially (SerfvolS^ c^Tf« g^ or^or 
systems, the reverse is true, and the basic effect is one of pressure change at constant volume. ^ 

Liquid-filled systems cover a linear range of -100 to 400°C with xylene and -40 to 630°C with mercury Elevation 
differences between the bulb and pressure sensor different from those at calibration may cause sligh terrors Gas-filled 
systems operate over a linear range of -240 to 650»C. Some gas-fdled pressure thermoJnSm “v“ ££ 
ranges but become nonlinear. Vapor pressure systems operate over a linear range of -40 to 320°C. The accuracy of 
pressure thermometers under the best conditions is of the order ±05% of the range. y 


REFERENCE: 

Alan S .Morris, "Principles of Measurement and Instrumentation", Prentice Hall, 1988. 
Ernest O. Doebelin, "Measurement Systems Application and Design". McGraw-Hill. 1983. 
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TEMPERATURE SENSORS DATABASE 



Bulb containing fluid 


Bourdon tube 



Motion of free end 


H.2 Pressure Thermometer 


H-4 


temperature sensors database 


SENSOR NAME : Quartz Thermomete 


SENSOR INFORMATION 


SUBSYSTEM: All 


SENSOR TYPE: TEMP 


TECHNOLOGY: All 


OPERATION: Resonant Frequency Change 


ACCURACY. ±0.10 % Operational Environment 
MIN. RANGE: -50 °C TEMP. RANGE: -50 to 250 °C 

MAX. RANGE: 250 °C PRESS. RANGE: — 


POWER: 0.00 W* 

WEIGHT: 0.00 LB* 

VOLUME: 0.00 FT A 3* 


' Dc "* n •Pacific inform taon, to be determined. 

SENSOR DESCRIPTION: 

of teiperatSSttlS ° f * "“S™ 1 * quartz ’ “ a ^tion 

element consists of a quartz crystal enclosed within a nmhe f ti* ® re ^ u ^ c y changes. The temperature-sensing 
ttewil within an eloSronic Lilian* iSSliK.'SSS ' IS . **** ? comeaed *> as » fom the msonait 
temperature to be calculated. The quartz frequency therefore allows the measured 

between -50 to 250°C. with a 


REFERENCE: 

nSliH r^t I*™' 1 ’!? 0f Measurem «« and Instrumentation". Prentice Hall 1988 

Donald 0. Fink & Donald Chnsiiarcen. -Elacnonics Engine *£££ McCawHill, ,,8,. 
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Sensor Figure Not Included 
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TEMPERATURE SENSORS DATABASE 


SENSOR NAME : Resistance Thermometer 


SENSOR INFORMATION 


SUBSYSTEM: All TECHNOLOGY: All 

SENSOR TYPE: TEMP OPERATION: Resistance Change - Metal 


ACCURACY: ± 0.40 % 
MIN. RANGE: -270 °C 

MAX. RANGE: 1100°C 


Operational Environment POWER: 0.00 W* 

TEMP. RANGE: -270 to 1 100 °C WEIGHT: 0.00 LB* 

PRESS. RANGE: — VOLUME: 0.00 FT A 3* 


• Design specific information, to be determined. 


SENSOR DESCRIPTION: 

The resistance thermometers is a more linear device than thermocouples, but still requires curve-fitting. Resistance 
thermometers rely on the principle that the resistance of a metal varies with temperature according to the Call endar- Vann 
Duscn relationship: 


R = Ro (1 + A1*T + A2*T A 2 + ... + An*T*n) 

Platimun nickel, and copper are the most commonly used and generally require constants A2, A3, and A3, respectively 
for a highly accurate representation. Only constants A1 may be used since respectable linearity may be achieved over 
limited ranges, giving 


R = Ro (1 + A1*T). 


The most commonly used platinum is linear within ±0.4% over the ranges -200 to -75 °C and -75 to 150°C ±0 3% from 
-18 10 150-C. SJJS* from -200 ro .130»C. ±0.2* from -18 ro WC.LlU* from IfSro 820^ ^ w^„g ™ ge 
of platinum is -270 to 1000 C, copper is -200 to 260°C, nickel -200 to 430°C, tungsten is -270 to 1 100°C. 


Resistance thermometer elements range in resistance from about 10Q to as high as 25kflL Higher resistance elements are 
less affected by lead-wire and contact resistance variations, and since they generally produce large voltage signals, 
spurious thermoelectric emfs due to joining of dissimilar metals are usually negligible. Since resistance thermometers 
requires supply current, self-heating can appear as a measurement error. This can be addressed by using the minimum 
current that will give the required resolution or using the largest resistance thermometer that will still good response time. 


REFERENCE: 

Alan S. Morris, "Principles of Measurement and Instrumentation", Prentice Hall, 1988. 

Ernest O. Doebelin, "Measurement Systems Application and Design", McGraw-Hill, 1983. 

"The OMEGA complete Temperature Measurement Handbook and Encyclopedia", Vol. 27, Copyright 1989. 
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H.3 Construction of Resistance Thermometers 
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SENSOR NAME : Thermistors 


SUBSYSTEM: AH 
SENSOR TYPE: TEMP 

ACCURACY: ± 0.20 % 
MIN. RANGE: -200 °C 

MAX. RANGE: 1000 °C 


SENSOR DESCRIPTION: 


SENSOR INFORMATION 

TECHNOLOGY: All 

OPERATION: Resistance Change - 
Semiconductor 

Operational Environment power: o.oo w* 

TEMP. RANGE: -200 to 1000 °C WEIGHT: 0 00 LB* 

PRESS. RANGE: - VOLUME: 0.00 FI-3* 

* Design specific information, to be determined. 


following expression- 11 « ’ niCkeL 71,6 rcsistancc of such varies with temperature according?, the 


R = RoexpfB(l/T- 1/To)] 


where: R = resistance at T. Ro = resistance at To 

8 = constant, characteristic of material (» 4000) 
T, To * temperatures (K), typically 298 K 


' r— i/j/itoujr A3 

temperature coefficient. Because of their no^nea^ess^tS^WMti?^ StS?' Wh ‘ Ch shows a P° sltlve 

1/T = A i RHnP\ r % n^n\A'i . ^ « _ 


l/T = A + B(lnR) + C(lnR)A3 


where: AJJ.C = curve-fitting constants found by selecting 
3 data points on the published data curve and solving 
3 simultaneous equations, (accuracy approaches ±.02°Q 


small sie, the ex^on^er^^^ SfLISSSS’ “ d But beC3USC of *** 


REFERENCE: 

F^« n^lL.i^ ri ^ I i ),eS ° f Measurement and Instrumentation", Prentice Hall 1988 

I ^? c 5 e i u1, Measurement Systems Application and Design", McGraw-Hill 1983 

"The OMFPa^ & D ° nal ^ Christiansen - "Electronics Engineers' Handbook, 3rd Edition' McGraw-Hill 1989 
Tte OMEGA complete Temperature Measurement Handbook and ErKryclipedirm ^ ' 
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temperature sensors database 


SENSOR NAME : Thermocouple 


SENSOR INFORMATION 


SUBSYSTEM: All 
SENSOR TYPE: TEMP 

ACCURACY: ± 0.40 % 
MIN. RANGE: -270 °C 

MAX. RANGE: 2320 °C 


SENSOR DESCRIPTION: 


TECHNOLOGY: All 
OPERATION: Thermoelectric Effect 

Operational Environment POWER: 0.00 W* 

TEMP. RANGE: -270 to 2320 °C WEIGHT: 0.00 LB* 

PRESS. RANGE: — VOLUME: 0.00 FT A 3* 

* Design specific information, to be determined. 


rely °5 ?* physical princi P les • h “» whcn any two different metals are connected 
foLofih* refetioS^ “ 3 °" temperature - is grated at the junction between the metals. The general 


e « al T + a2 T A 2 + a3 T A 3 + ... an T A n 


For certain pairs of materials, the higher powers of the T terms (a2 T,a3 T,...an T) are approximately zero and the 
compatible working environments). The most common types of thermocouples avalible are listed below. 


Type 

J (Fe/Cu-Ni) 

K (Ni-Cr/Ni-Al) 
T (CuCu-Ni) 


Temp. Range (°C) 
Oto 750 
-200 to 1250 
-200 to 350 
-200 to 900 
Oto 1450 
0 to 1450 
Oto 1700 
-270 to 1300 
0 to 2320 
Oto 2320 
0 to 2320 


Output, emf (mV) 
Oto 42.3 
-6.0 to 50.6 
-5.6 to 17.8 
-8.8 to 68.8 
0 to 16.7 
0 to 15.0 
0 to 12.4 
-4.3 to 47.5 
0 to 38.6 
Oto 37.1 
0 to 39.5 


E (Ni-Cr/Cu-Ni) 

R (Pt-13% RH/Pt) 

S (Pt-10% RH/Pt) 

B (Pt-30% RH/Pt-6% RH) 
N ( Ni-Cr-Si/Cu-Ni) 

G (W/W-26% Re) 

C (W-5% Re/W-26% Re) 
D (W-3% Re/W-25% Re) 


Accuracy (greatest value) 
l.l°Cor0.4% 
l.l°Cor0.4% 

0.5°C or 0.4% 

1.0°C orO.4% 
0.6°Cor0.1% 

0.6°C or 0. 1 % 

0.5% over 800°C 
l.l°Cor0.4% 

1 . 0 % 

1 . 0 % 

1 . 0 % 


REFERENCE: 


Alan S. Morris, "Principles of Measurement and Instrumentation", Prentice Hall 1988. 

Ernest O. Doebelin, "Measurement Systems Application and Design". McGraw-Hill. 1983. 

^naJdG_Fink & Donald Christiansen, "Electronics Engineers’ Handbook, 3rd Edition", McGraw-Hill, 1989. 
me UMEGA complete Temperature Measurement Handbook and Encyclopedia", Vol. 27, Copyright 1989. 
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H.5 Basic Thermocouple Wiring Diagram 
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SUBSYSTEM: All 


SENSOR TYPE: TEMP 


ACCURACY: ± ... % 

MIN. RANGE: -270 °C 

MAX. RANGE: 2320 °C 


SENSOR DESCRIPTION: 


TECHNO! OGY: All 
OPERATION: Thermoelectric Effect 

Operational Environment POWER: 0.00 W* 

TEMP. RANGE: -270 to 2320 °C WEIGHT: 0.00 LB* 

PRESS. RANGE: — VOLUME: 0.00 FT A 3* 

" Design specific information, to be determined. 




REFERENCE: 


Alan S 
Ernest 


^n^tLi P ™J CipleS ° f Measurement 31x1 Instrumentation", Prentice Hall, 1988. 
u. uoebelin. Measurement Systems Application and Design", McGraw-Hill, 1983. 
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TEMPERATURE SENSORS DATABASE 



SUBSYSTEM: All 


SENSOR TYPE: TEMP 


TECHNOLOGY: All 


OPERATION: Radiative Heat Emission 


ACCURACY: ± 0.05 % Operational Envir 
MIN. RANGE: -50 °C TEMP. RANGE: ???? °C 

MAX. RANGE: 4000 °C PRESS. RANGE: - 


POWER: 0.00 W* 

WEIGHT: 0.00 LB* 

VOLUME: 0.00 FT A 3* 

* Design specific information, to be determined. 


SENSOR DESCRIPTION: 

pyrometers are noncontacting temperature transducers which respond to radiative heat transfer from the 
me^tned sufaceon material. Principle of these meter is described by the Stefan-Boltzman law, that the intensity of 
radrauon emitted by an object is depend on the temperature of the object. This radiation occurs primarily in tlteinfrared 
poruon of the electromagnetic spectrum. Typical radiation pyrometi use opticSor^S^ IwSftaSf 
on . a therTnoe l ect nc or resistive sensing element (energy detector). The output of the Losing element can be 
rre ated to the temperature of the measured suface. Radiation pyrometers are used p rima rily for high-temperature 

^ *- ^ s — tsssr 

T^e radiation debtors used in radiation pyrometers is either a thermal detector, which measures the temperature rise in a 
black body at the focal point of the optical system, or a photon detector. Thermopiles, resistance thermometers and 

Ptoodercc '°' s « ■“«!’ of to ptoocoadtoiv. or photovoltaic'**- 

• Broad-temd: measures radiation across the whole frequence spectrum; uses a thermal detector accuracy of ±0 05% full 

tomp.^emp. t * mC COnstants 35 28 te*np. and as much as^lf for low 

mCaSl f S radiati0n across «*» wholc frequence spectrum with periodic interrupts in the radiation 

Sfrt 2w5 d ,’ USCS * dienniston grealer accurac y and resolution than that of the broaid-band; time constants as 
short as 0.01s; temp, range between 20 to 1300°C. 

• Narrow-band: measures radiation across the a limited frequence band; uses a photodetector greater accuracy and 
r^uooo .baa to. of to broard-band; to. conaato asThon as 10to tod 

• Two-color Splits radiation with two narrow-band filters before detection to reduce error due the emissivity problems- 

uses a two photodetectors; temp, range between 1500 to 4000°C. ** 

REFERENCE: 

Harry N. Norton, "Sensor and Analyzer Handbook", Prentice Hall, Inc. 1982 

R K if * • h ’-Zf m ^. ratU 7 ^ easurement * Control", Peter Peregrinus Ltd., London, United Kingdom, 1988. 

Alan a. Moms, Principles of Measurement and Instrumentation", Prentice Hall, 1988. 

Ernest O. Doebelin, H Measurement Systems Application and Design", McGraw-Hill, 1983. 

Ltd E 1985 Un8k ’ " InSlrument Technol °gy : Measurement of Temperature and Chemical Composition", Butterworth & Co. 
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H.7 Typical Pyrometer Diagrams for (a) Optics & (b) Electronics 
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TEMPERATURE SENSORS DATABASE 



SUBSYSTEM: All 


SENSOR TYPE: TEMP 


TECHNOLOGY: All 


OPERATION: Frequency Modulation of Light 


ACCURACY: ±0.01 % Ltogrational Environment POWER: 0.00 W* 

MIN. RANGE: -50 °C TEMP. RANGE: -50 to 2000 °C WEIGHT: 0 00 LB* 

MAX. RANGE: 2000 "C PRESS. RANGE: - VOLUME: 0.00 FT»3* 


' specific information, to be determined. 

SENSOR DESCRIPTION: 

nh^ ° f fi . bcr '°P tic thermometers are the external intensity modulated type and the two-fiber 

These external modulation sensors are accurate within ±0.2°C in the range of -50 to 150®C C P ° ymCTS ' 


REFERENCE: 

SeSimS^gi: BUCan3 ’ A ' DandridgC ’ J> C0lCl " 0ptical Fiber Sensors Challenge the Competition." IEEE Spectrum. 

m2*' A ‘ DandridgC ’ °* SigeI ’ 1 Co,e ’ "°P ticaJ Fibcr Sens « Technology." IEEE Journal of Quantum 

ftotalical SvJbsmJ” rFFTn* M " Fll * r Optical Heterodyne Interometer for Vibration Measurements in 

Biological Systems, IEEE Journal of Quantum Electomcs, April 1982. 


H -17 



TEMPERATURE SENSORS DATABASE 


Sensing 

element 




IWo-fiber phase modulation 


H.8 Fiber Optic Methods for Measuring Temperature 
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